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1. Executive Summary

This document summarizes the work performed by DNBMA Energy and Sustainability (DNV

KEMA) between 2011 and 2013 to quantify the acaredrgy and demand savings due to the installation
of 56 Prescriptive Lighting projects installed thgh the Massachusetts Energy Efficiency Program
Administrator’s (PAs) C&l New Construction & Majétenovation and C&l Large Retrofit programs in
2010. Note that this document presents the femllts following 12 months of metering for the four
Prescriptive Lighting categories of interest, SysteControls, Advanced Lighting Design and
Refrigerated LED Case Lighting.

1.1 Purpose of Study

The objective of this impact evaluation is to pdwviverification or re-estimation of electric enesgnd
demand savings estimates and new savings factob$ ferescriptive Lighting retrofit and new
construction projects through site-specific insfgegtmonitoring, and analysis. The final studyufes
produced following 12 months of monitoring, will beed to determine the final realization rates for
Prescriptive Lighting energy efficiency projectstialled in 2012. This report presents realizatadns
for gross energy savings and savings factors adttitewide level using 12 months of metered data
collected from each site. It also provides redilirarates for on-peak and seasonal summer an@mwint
demand savings. A listing of all results and sgsifactors with descriptions is presented in AppeAd
These savings factors should be applied to futexhifical Reference Manual (TRM) updates. The
evaluation sample for this study was designed isicieration of the 90% confidence level for energy
(kwh) and the 80% confidence level for coincidesaipsummer demand (kW).

This report also provides a comparison of the 1atmanetering results to the interim results thateve
based on approximately three months of meteririgérwinter of 2011/2012.The purpose of this
comparison is to help PAs determine the value g leersus shorter term data collection, and tarimfo
the most representative time of year to performtdleom metering in any future impact evaluatiohs o
their Prescriptive Lighting programs.

1.2 Scope

The scope of work of this impact evaluation coveted2010 Prescriptive Lighting end-use, which
includes all lighting systems and controls, Advahtighting Design (ALD) or performance lighting,dn
refrigerated LED case lights. This impact evaluaiiecludes only measures which primarily reduce
electricity consumption. The presentation of 2€40ings in 2013 is due to the extended metering

! Impact Evaluation of 2010 Prescriptive Lightimgtallations, Interim Results Memo, August 17, 2(2pared
by DNV KEMA
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period. Projects were contacted and meter infitallébegan in late 2011; in order to complete hyfehr
of metering, the meters were removed in late 20tRearly 2013, informing this report.

1.3 Sample

The Prescriptive Lighting sample was designedltmaDNV KEMA to estimate realization rates for a
number of savings parameters (annual kWh, connésiédsummer and winter on-peak and seasonal
coincidence factors, and HVAC interactive effeetstdr) with statistical precisions that meet PA
requirements in two areas. The target for ann\dt kvas set at the traditional £10% at 90% configenc
while the target for summer kW was set at +10%ipiaac at 80% confidence.

The PAs were interested in results for each ofdhefollowing groups:

Lighting Systems

Lighting Controls

Advanced Lighting Design (Performance Lighting)

Refrigerated Case Lighting (LED)
After running several scenarios based on diffesantple sizes and allocations, the team decided on a
Prescriptive sample comprised of 57 sites splivbeh measure types as indicated in Table 1. &blet

also includes estimates of the precisions that &etieipated at the time of this design, assummeraor
ratio of 0.4.

Table 1: Prescriptive Lighting Sample Design

Total Assumed Confidence Planned Anticipated
Measure Type Accounts Savings Error Ratio Level Sample Size Relative Precision
Systems & Controls 1,095| 92,442,39¢ 0.4 90% 37 +11.03%
Advanced Lighting Desigr} 72| 5,670,723 0.4 90% 1p +14.440%
Refrigerated Case Lighting 61| 2,664,459 0.4 90% 10 +19.28%
Total 1,228| 100,777,578 0.4 90% 57 +10.16%

This allocation by PA was further stratified byaisavings, and sample sites were selected. #iger
sample selection, several adjustments were reghaeedd on observations made during initial file
reviews and early site visits. In some casesiradte sites were used, but in other cases ther neer
additional sites to select. In the end, a totd®sites were included in the Prescriptive Lightsample.

KEMA, Inc. 1-2 June 21, 2013



DNV KEMA Energy & Sustainability

1.4 Description of Methodology

Data collection included physical inspection angeimory, interview with facility personnel, obsetioa

of site operating conditions and equipment, ang-@mm metering of usage. At each site, the DNV
KEMA team performed a facility walk-through thatfeed on verifying the post-retrofit or installed
conditions of each Prescriptive Lighting measufer pre-retrofit, or baseline hours and equipment,
evaluators used a combination of facility interviamd tracking estimates. Instrumentation such as
power/current recorders, Time-Of-Use (TOU) lightlnggers, and TOU current loggers were installed to
monitor the usage of the installed lighting equipine

An 8,760 hourly spreadsheet analysis was useditoads hourly energy use and diversified coincident
peak demand for all Prescriptive Lighting sitestypical meteorological year (TMY3) dataset of
ambient temperatures for Worcester, MA was usedlfaavings analyses.

A full description of the methodology is provided$ection 3.2, Measurement, Verification and Asigly
Methodology.

1.5 12 Month Monitoring Results

The results presented in the following sectionudel statewide level realization rates (and assetiat
precision levels) for annual kWh savings, percenpeak kWh savings, and on-peak and seasonal
demand (kW) coincidence factors at the times ofalmter and summer peaks, as defined by the ISO
New England Forward Capacity Market (FCM). Allmacident summer and winter peak reductions were
calculated using the following FCM definitions:

Coincident Summer On-Peak kW Reduction is the @esdemand reduction that occurs over all
hours between 1 PM and 5 PM on non-holiday weekateyane, July and August.

Coincident Winter On-Peak kW Reduction is the agerdemand reduction that occurs over alll
hours between 5 PM and 7 PM on non-holiday weekataig@cember and January.

Seasonal Peak: Non-holiday week days when the Reed-System Hourly Load is equal to or
greater than 90% of the most recent “50/50” Syddeak Load Forecast for the summer and
winter seasons.

Also included in the results are savings factorstonmer and winter on-peak and seasonal coinaidenc
factors, summer and winter kW HVAC interactive effeactors, kWh HVAC interactive effect factor and
percent of energy savings during on-peak periodfatRe precision levels and error bounds are
calculated at the 80% confidence level for demawihgs factors and values. For all MWh realization
rates, the standard 90% confidence level is used.

KEMA, Inc. 1-3 June 21, 2013



DNV KEMA Energy & Sustainability

A detailed discussion of these results is preseint&ction 4, Results. A summary of site leeslults
are also presented in Appendix C.

151 Lighting Systems

Table 2 summarizes the statewide results of thasyais. In the case of annual kWh savings, the
realization rate for Lighting Systems was foundo112.3% with HVAC interactive effects included.
Note that gross tracking savings do not generattiude HVAC interactive effects. The error ratiasv

found to be 0.3.

Table 2 also shows the results for the connectedddNzation rate. The overall realization rateswa
99.7%, with a relative precision of +2.6% at a 9@8afidence level.

Table 2: Summary of Lighting Systems Realization R&s

Energy Connected kW

Lighting Systems kWh % Gross | kW % Gross
Gross Savings (Tracking) 79,439,3[L6 17,236
Documentation Adjustment -376,857 0% -130 -1%
Technology Adjustment 466,552 1% 9 0%
Quantity Adjustment -2,755% 0% 75 0%
Operational Adjustment 5,168,634 7% NfA N/A
HVAC Interactive Adjustmen 4,531,719 %) N/A N/A
Adjusted Gross Savings 89,226,609 112% 17,190 100%
Gross Realization Rate 112.3% 99.7T%
Relative Precision +7.9% +2.6%
Confidence Interval 90% 90%
Error Ratio 29% 109

KEMA, Inc. 1-4 June 21, 2013
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Table 3 summarizes the statewide savings factstgtieg from this analysis. All relative precisgn

were calculated at the 90% confidence level. Tip@&ak summer coincidence factor was 72.2%, with a
relative precision of £11.1%. The seasonal suntogrcidence factor was 73.6%, with a relative
precision of £10.9%. The on-peak winter coincidefaaor was 65.9%, with a relative precision of
+12.2%. The seasonal winter coincidence factor&8e8%, with a relative precision of £12.6%. The
table also provides savings factors for on-peakssagonal summer and winter kW HVAC interactive
effects, kWh HVAC interactive effect, hours of usalization rate and percent on-peak kWh.

Table 3: Summary of Lighting Systems Savings Facter

Savings Factors and Realization Rates SYSIEING
at 90% Confidence Value \ Precision
Connected kW Realization Rate

On Peak Hours 72.2% +11.1%
Seasonal Hours 73.6%0 +10.9%
On Peak Hours 65.9% +12.2%
Seasonal Hours 66.9% +12.6%
On Peak Hours 114.6% +2.7%
Seasonal Hours 114.8p6 +2.8%
On Peak Hours 99.8% +0.4%
Seasonal Hours 99.8% +0.3%

Connected kWh Realization Rate

100.1% +3.[1%

KWh HVAC Interactive Effect

105.4% +1.3%

Hours of Use Realization Rate

106.5% +7.4%

% On Peak KWh 63.88% +5.6%

Heating HVAC Interaction Effect (MMBtu/kWh -0.00064

1.5.2 Lighting Controls

Table 4 summarizes the statewide results of thasyais, which was based on 26 sample sites. ledke
of annual kWh savings, the realization rate forhtigg Controls was found to be 72.0% with HVAC
interactive effects included. The relative preaisior this estimate was found to be +23.2% at 0 9
level of confidence. The error ratio was foundb&o0.66.

KEMA, Inc. 1-5 June 21, 2013
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Table 4 also shows the results for the connectedddNzation rate. The overall realization rateswa
93.8%, with a relative precision of +6.0% at a 9€8afidence level.

Table 4: Summary of Lighting Controls Realization Rates

Energy Connected kW

Lighting Controls kWh % Gross kw % Gross
Gross Savings (Tracking) 12,805,436 10,313
Documentation Adjustment -131,240 -1% -140 %
Technology Adjustment -55,494 0% +9 %
Quantity Adjustment -1,137,164 -9% -489 -8§%
Operational Adjustment -2,537,733 -20% NYA A
HVAC Interactive Adjustment 281,840 2% N/A A
Adjusted Gross Savings 9,225,625 72% 9,675 94%
Gross Realization Rate 72.000 93.8%
Relative Precision +23.2% +6.00%
Confidence Interval 90% 90%
Error Ratio 66% 159

Table 5 summarizes the statewide savings factetdtieg from this analysis. All relative precis®n

were calculated at the 90% confidence level. Tivp@ak summer coincidence factor was 13.8%, with a
relative precision of £23.6%. The seasonal sunwuogrcidence factor was 13.0%, with a relative
precision of £20.9%. The on-peak winter coincidefaetor was 13.4%, with a relative precision of
+46.3%. The seasonal winter coincidence factorxa8%, with a relative precision of +43.3%. The
table also provides savings factors for on-peakssagonal summer and winter kW HVAC interactive
effects, kWh HVAC interactive effect, hours of usduced realization rate and percent on-peak kWh.

KEMA, Inc.
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Table 5: Summary of Lighting Controls Savings Factos

Savings Factors and Realization Rates Controls
at 90% Confidence Value | Precision

Connected kW Realization Rate

On Peak Hours
Seasonal Hours

On Peak Hours
Seasonal Hours

On Peak Hours
Seasonal Hours

On Peak Hours 99.64

Seasonal Hours 99.6% +0.6%
Connected kWh Realization Rate 89.7% +8./%
KWh HVAC Interactive Effect 103.2% +1.5%
Hours of Use Realization Rate 77.9% +24.5%
% On Peak KWh 58.86% +22.6%

Heating HVAC Interaction Effect (MMBtu/kWhE -0.0028

1.5.3 Advanced Lighting Design

Table 6 summarizes the statewide results of thasyais. In the case of annual kWh savings, the
realization rate for ALD was found to be 124.6%hnWtVAC interactive effects included. The relative
precision for this estimate was found to be +7.6%h@ 90% level of confidence. The error ratio was
found to be 0.18.
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Table 6 also shows the results for the connectedddNzation rate. The overall realization rateswa
101.2%, with a relative precision of +1.7% at afdbnfidence level.

Table 6: Summary of ALD Realization Rates

Energy Connected kW

Advanced Lighting Design kWh % Gross kw % Gross
Gross Savings (Tracking) 5,670,723 1,178
Documentation Adjustment 619 0% -6 %
Technology Adjustment 542,983 10p6 54 5%
Quantity Adjustment -228,228 -4% -44 )
Operational Adjustment 639,442 11% N/A A
HVAC Interactive Adjustment 438,396 8% N/A A
Adjusted Gross Savings 7,063,983 125% 1,192 D1%
Gross Realization Rate 124.60% 101.2%

Relative Precision +7.6% +1.7%

Confidence Interval 90% 90%

Error Ratio 18% 39

Table 7 summarizes the statewide savings factetdtieg from this analysis. All relative precis®n

were calculated at the 90% confidence level. Thpeak summer coincidence factor was 42.8%, with a
relative precision of £31.1%. The seasonal sunwuogrcidence factor was 39.1%, with a relative
precision of £38.5%. There were two schools in saisiple, and both had very low summer coincidence
factors. This is likely the driver for the lowarmamer coincidence factors as compared to lighting
systems. The on-peak winter coincidence factor46ag%, with a relative precision of +15.2%. The
seasonal winter coincidence factor was 46.6%, withlative precision of +17.5%. The table also
provides savings factors for on-peak and seasomafrer and winter kKW HVAC interactive effects, kWh
HVAC interactive effect, hours of use realizatiaterand percent on-peak kWh.
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Table 7: Summary of ALD Savings Factors

Savings Factors and Realization Rates

Advanced Lighting Design
at 90% Confidence Value Precision

Connected kW Realization Rate

On Peak Hours

Seasonal Hours

On Peak Hours

Seasonal Hours

On Peak Hours

46.6

122.6

Seasonal Hours

123.2

On Peak Hours 94.1% +8.3%

Seasonal Hours 93.9% +8.5%
Connected kWh Realization Rate 105.6% +4.6%
KWh HVAC Interactive Effect 106.6% +2.4%
Hours of Use Realization Rate 110.7% +7.2%
% On Peak KWh 65.67% +7.8%

Heating HVAC Interaction Effect (MMBtu/kWh! -0.000%

154 Refrigerated LED Case Lighting

An initial review of the Refrigerated LED samplaufa that some PAs were treating these measures
differently between 2010 and 2011. The samplesaffierated LED projects were pulled from 2010,
when some PAs were not applying refrigeration axtve savings to their tracking estimates, whiteeo
PAs were using different assumptions for refrigerasystem efficiency.

It was found that NSTAR was not yet applying redrigtion interactive savings to their savings edtisia
in 2010. Evaluators also found that National Gvas using a refrigeration system efficiency of 1.6
kW/ton for most of their 2010 projects. The MA TREssumes a refrigeration system efficiency of 1.3
kw/ton. By applying the TRM assumptions to the M&Tsample from 2010, this would have increased
their savings estimates. Applying the TRM refragérn system efficiency assumption to the National
Grid sample from 2010 would have decreased thginga estimates.

In 2011, the PAs began applying refrigeration imtére savings to their tracking estimates usimgMA
TRM assumptions. For this reason, the use ofzat#bn rates and savings factors resulting from the

2 Massachusetts Technical Reference Manual, 201gr&roYear — Plan Version, October 2010
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2010 population is not applicable to 2011 programs beyond. Therefore, DNV KEMA recommended,
and the PAs and EEAC agreed to calculate realizatites relative to the TRM estimates, rather than
2010 tracking savings. By applying the TRM saviatgorithms to the 2010 sample projects, which
includes refrigeration interactive savings, a valnparison can be made so that results may besdppl
retrospectively as well as prospectively.

Table 8 summarizes the statewide results of thasyais relative to the TRM savings algorithm. e t
case of annual kWh savings, the realization rat&#drigerated LEDs was found to be 97.5% with
HVAC interactive adjustments included. The relatwecision for this estimate was found to be +888%
the 90% level of confidence. The error ratio wasd to be 0.19.

Table 8 also shows the results for the connectedddNzation rate. The overall realization rateswa
100.7%, with a relative precision of +0.9% at a 9@8nafidence level.

Table 8: Summary of Refrigerated LED Realization Rées

Energy Connected kW

Refrigerated LED kWh % Gross kw % Gross
Gross Savings (Tracking) 2,702,650 476
Documentation Adjustment D 0% 0 0Pb
Technology Adjustment )] 0% 0 0%
Quantity Adjustment 16,942 1% 3 1%
Operational Adjustment -170,249 -6P6 NJA NJA
HVAC Interactive Adjustment 85,35[7 3% N/A N/A
Adjusted Gross Savings 2,634,701 97% 479 101%
Gross Realization Rate 97.5% 100.7%
Relative Precision +8.8% +0.9%
Confidence Interval 90% 90%
Error Ratio 19% 29

Table 9 summarizes the statewide savings facterdtieg from this analysis. All relative precis®n

were calculated at the 90% confidence level. Tip@&ak summer coincidence factor was 99.4%, with a
relative precision of £0.5%. The seasonal sumrgrcidence factor was 99.7%, with a relative
precision of £0.5%. The on-peak winter coincidefamtor was 99.5%, with a relative precision of
+0.5%. The seasonal winter coincidence factor 98a8%, with a relative precision of £0.2%. The
coincidence factors are all close to 100%, whidpigropriate for this measure type, which tendseto
installed in grocery stores. The business houthasfe facilities typically coincide with the sunmaad
winter peak periods. The table also provides gpv/factors for on-peak and seasonal summer anémwint
kW refrigeration interactive effects, kWh refrigeom interactive effect, hours of use realizatiaterand

percent on-peak kwh.

Note that the kW and kWh refrigeration interactdféect factors included in this table are in aduitio
the refrigeration savings estimated in the TRM. skeged above, the TRM referenced in this studggus
1.3 kW/ton as the refrigeration system efficienefijle the evaluation found that 1.9 kW/ton is more

KEMA, Inc. 1-10 June 21, 2013



DNV KEMA Energy & Sustainability

applicable to this application. This is why thé&iggeration interactive effects are greater thaa.offhis
factor should only be applied to tracking savirts wwere developed using the 1.3 kW/ton refrigerati
efficiency. If PAs begin applying the 1.9 kW/toffi@ency to future TRMs, the refrigeration factor
should be one, or not used at all.

Table 9: Summary of Refrigerated LED Savings Facta

Savings Factors and Realization Rates Refrigerated LED
at 90% Confidence Value \ Precision

Connected kW Realization Rate

On Peak Hours
Seasonal Hours

99.5¢
99.9

On Peak Hours
Seasonal Hours

105.8% +1.1%
105.9%0 +1.0%

On Peak Hours
Seasonal Hours

105.8% +1.1%
106.0p6 +1.0%

On Peak Hours
Seasonal Hours

Connected kWh Realization Rate 100.6% +0.8%
KWh Refrigeration Interactive Effect 103.3% +2.6%
Hours of Use Realization Rate 93.7% +6.1%
% On Peak KWh 63.53% +3.9%

Heating HVAC Interaction Effect (MMBtu/kWh! 0.00000

1.6 Comparison of 12 Month and 3 Month Monitoring Resuts

Table 10 through Table 13 presents some of thdtsesfboth the three month interim analysis, drel t
12 month analysis. These comparison tables aréda to highlight the differences between the two
monitoring periods.

As shown in Table 10 below, the annual energy gmvand summer demand savings dropped between
the three and 12 month analyses. The annual esaxgygs were about 5% less in the 12 month
analysis. A review of the individual site resudteowed that schools, libraries and offices had towe
annual hours of operation as compared to the thaegh analysis. Annual hours of use for theseethre
building types went down approximately 8% as coragdo the three month analysis. These building
types represented 11 of the 34 sites in the Lighiigstems sample. The annual operating hour$iéor t
remaining building types, including manufacturingtail, exercise facilities, and other, were neaf9%
of the predicted three month analysis.
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Likewise, there was a drop in the summer coinciddactors, and as a result, in the summer kW
realization rates. These drops were mostly driveachools (54% three month summer CF, 39% 12
month summer CF) and offices (89% three month sun@fe 81% 12 month summer CF). This is
significant because the interim three month moimgpperiod covered the winter season, and the summe
period was extrapolated from logger data and agljuisased on discussions with facility personnel. F

schools in particular, it is difficult to predicimmer usage based on this method. This is expldipe
the reduced and inconsistent summer usage tyfdisghools. For offices, it is possible that ocaupa
use their lights less often during the day if theye windows that provide sufficient sunlight.
Additionally, vacations are also more frequent dgrihe summer period, which could play a role #sth

reductions.

Table 10: Comparison of 3 vs. 12 Month Results — ghting Systems

Lighting Systems

3 Month Analysis

12 Month Analysis

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 118.1%% +8.54% 90% 12.3% +7.89%
Connected kW Realization Rate 80Pb 99.7% +2.06% 90% 99.7% +2.64%
Summer On-Peak Coincidence Factor 80% 7713% +7.86% 90% 72.2% +11.119
Winter On-Peak Coincidence Factor 80% 65.8% +10.13% 90% 65.9% +12.159
Summer On-Peak kW HVAC Interactive Effect Factor %8 114.7% +2.10% 909 114.6% +2.74M%6
Winter On-Peak kW HVAC Interactive Effect Factor %80 99.8% +0.18%) 909 99.8% +0.37%
kWh Interactive Effect Factor 80% 105.8% +1.03% 90% 105.4% +1.27%)|
% On-Peak kWh 80% 63.1% +4.42% 909 63.9% +5.620%0

Table 11 presents the same comparison for Ligi@imigtrols. Similar to Lighting Systems, controls
savings also went down between the three montiiamdonth analyses. However, there was no

particular pattern to the reductions. In factofihe 26 Lighting Controls sites showed lower sour
reduced as compared to the three month analysis.

Table 11: Comparison of 3 vs. 12 Month Results — ghting Controls

Lighting Controls

3 Month Analysis

12 Month Analysis

Confidence = Realization | Relative Confidence Realization Relative

Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 84.0p6 +20.72% 90% 2.0% +23.23%
Connected kW Realization Rate 80P6 93.8% +4.6[7% 90%  93.8% +5.99%
Summer On-Peak Coincidence Factor 80% 19/6%  +15.94% 90% 13.8%| +23.629
Winter On-Peak Coincidence Factor 80% 15.4%  +44.25% 90% 13.4%| +46.349
Summer On-Peak kW HVAC Interactive Effect Factor %8 111.5% +2.20% 909 109.3% +3.79%%0
Winter On-Peak kW HVAC Interactive Effect Factor 980 99.9% +0.10%) 909 99.6% +0.59%
kWh Interactive Effect Factor 80% 103.1% +1.08% 90% 103.2% +1.52%
% On-Peak kWh 80% 60.1%| +15.51% 90% 58.9%  +22.58%
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Table 12 presents the comparison of results foradded Lighting Design. Savings in this categosp al

dropped from the three month analysis to the 12tmanalysis. Two of the 10 sampled sites had hours

of use reductions that were less than 90% of treetihonth estimate. One of these was a schoothand

other an office building.

Table 12: Comparison of 3 vs. 12 Month Results — Adnced Lighting Design

Advanced Lighting Design

3 Month Analysis

12

Month Analysis

%)

o

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 135.1% +12.31% 90% 124.6% +7.60%)
Connected kW Realization Rate 80P6 104.5% +4.68% 90% 101.2% +1.73%
Summer On-Peak Coincidence Factor 80% 687% +19.84% 90% 42.8% +31.129
Winter On-Peak Coincidence Factor 80% 59.0%  +24.87% 90% 46.7%| +15.259
Summer On-Peak kW HVAC Interactive Effect Factor %8 123.9% +1.65% 909 122.6% +2.88
Winter On-Peak kW HVAC Interactive Effect Factor %80 95.2% +5.41%) 909 94.1% +8.33
kWh Interactive Effect Factor 80% 108.7% +1.69% 90% 106.6% +2.42%
% On-Peak kWh 80% 69.3% +4.42% 909 65.7% +7.78

Lo

Table 13 shows the results of the Refrigerated KElSe Lights. As highlighted below, there were no
large differences between the two analyses. Shise¢echnology is found in grocery and other tetai
stores, hours of use tend to be very predictalolenany cases, these lights are controlled by remot
energy management systems, and do not vary muchghout the year.

Table 13: Comparison of 3 vs. 12 Month Results — Regerated LED Case Lighting

Refrigerated LED Case Lighting

3 Month Analysis

12

Month Analysis

Lo

%)

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 97.30 +8.72% 90% 5%7 +8.80%
Connected kW Realization Rate 80Pb 100.7% +0.67% 90% 100.7% +0.87%)
Summer On-Peak Coincidence Factor 80% 99/5% +0.28% 90% 99.4% +0.46%
Winter On-Peak Coincidence Factor 80% 99.5% +0.34% 90% 99.5% +0.45%
Summer On-Peak kW HVAC Interactive Effect Factor %8 105.8% +0.84% 909 105.8% +1.06
Winter On-Peak kW HVAC Interactive Effect Factor %80 105.8% +0.84% 909 105.8% +1.06]
kWh Interactive Effect Factor 80% 103.7% +1.96% 90% 103.7% +2.61%)|
% On-Peak kWh 80% 60.3% +2.96% 909 63.5% +3.88]

Lo

1.7

Conclusions and Recommendations

Overall, Massachusetts’ Prescriptive Lighting peogs are performing quite well. With the exceptbn
lighting controls, each of the other three lightngasures is producing more savings than expected.
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In the case of lighting systems, energy realizatéias are somewhat higher than previous lightimggaict
evaluations, which are typically in the 100 to 116#%6ge. There could be several reasons for this
increase in lighting savings. First, the mix ofithing and fixture type could have an effect on the
increased hours of use, which drive the highemgmvi We found several manufacturing facilitiedhwit
high hours of operation relative to tracking estiesa It is also possible that the economy coulagtha
played a role in under predicting the hours ofins2010 when these projects were installed.

Lighting controls under performed with a realizatiate of 74% on energy savings. The lower
realization rate is somewhat consistent with amggeompleted small business lighting controls aoip
evaluatiori, which resulted in a 43% realization rate.

The following are some conclusions and recommeaondatior all measures, and some specific to each
measure analyzed. More details around these reeoatetions are provided in Section 0, Conclusions
and Recommendations.

1.7.1 All Prescriptive Lighting Measures
Evaluation Monitoring. For future lighting impact evaluations, three modéta collection
should be sufficient to estimate annual energyrggvi The three month period that was most
representative of the entire year was between Bdygtieand November. However, all
combinations of three month monitoring periods weithin 5% of the annual savings when
annualized. Therefore, it is recommended thaPihe consider monitoring for a minimum of
three months. Also consider including a wintesemmer month in that period if possible.

HVAC Interactive Effects. If HVAC savings are being claimed as part of ghess tracking
savings, the PAs should apply the Annual kWh Ratibn Rate. Otherwise, the Annual kWh
with HVAC Realization Rate should be applied. lLikee, the Summer and Winter HVAC
Interactive Effect Factors and the kwh HVAC Inténae Effect Factor should only be applied if
HVAC savings are not being claimed as part of theking savings.

1.7.2 Lighting Systems
Update the TRM. It is recommended that the Lighting Systems corepbof the TRM be
updated to reflect these new results, which arelynbased on 12 months of metering.

Lighting Hours of Use. It is recommended that the PAs continue to usespiecific data when
estimating lighting hours of use. Also considediidnal operation that may not be captured in
the typical business hours for spaces such asvestlsr corridors and large open areas that may

% Small Business Direct Install Program: Pre/Poghting Occupancy Sensor Study, Prepared by: ThenGad
Group and Energy & Resource Solutions, Inc., Oat@3e 2012
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1.7.3

1.7.4

1.7.5

not go dark until the last person leaves for the dalso be sure to consider potential day lighting
effects, which could limit the hours of operation.

Lighting Controls
Consider a Pre/Post Lighting Controls StudyDepending on the outcome of the current
lighting controls market study, it may be recomnehthat a pre/post metering lighting controls
study be conducted in the future.

Consider Pre-Installation Monitoring. To help implementation vendors and TAs produceemor
reliable estimates of hours reduced, it is recontadrthat the PAs consider requiring pre-
installation metering to establish an estimateasfeine hours. This could be done as part of the
vendors’ walkthrough of a facility when trying tet@érmine where lighting controls will be
installed. A minimum of two weeks of data woulditeal for this type of effort.

Update the TRM. Until a new pre/post lighting controls impact exation is done, it is
recommended that the lighting controls componeth®fTRM be updated to reflect these new
results, which are based on 12 months of postHiastan only metering.

Advanced Lighting Design
Collect Final Lighting As-Builts. It is recommended that for all Advanced LightDegsign
projects, the PAs try to collect the final lightiag-built, which would be used to adjust the
proposed connected kW savings.

Update the TRM. It is recommended that the PAs and EEAC consigdating the TRM using
these realization rates and savings factors.

Refrigerated LED Case Lighting
Update the TRM. This report recommends that the TRM be updatedilize a refrigeration
system efficiency of 1.9 kW/ton. This value is &d®n a larger proportion of lower temperature
freezer cases than cooler cases found in theseaipphs. Please note that the refrigeration
interactive factor developed for this study is lohge the tracking assumption of 1.3 kW/ton.
This means that if the TRM is updated to refleet 10 kW/ton recommendation, the
refrigeration interactive factor would no longerdgmplied.

Consider Lighting Controls. It is recommended that in all future freezer/eo@ase LED
lighting applications, lighting controls be congieid.
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2. Introduction

This document summarizes the work performed by DNBMA Energy and Sustainability (DNV

KEMA) between 2011 and 2013 to quantify the acaredrgy and demand savings due to the installation
of 56 Prescriptive Lighting projects installed thgh the Massachusetts Energy Efficiency Program
Administrator’s (PAs) C&l New Construction & Majétenovation and C&l Large Retrofit programs in
2010. Note that this document presents the femllts following 12 months of metering for the four
Prescriptive Lighting categories of interest, SysteControls, Advanced Lighting Design and
Refrigerated LED Case Lighting.

2.1 Purpose of Study

The objective of this impact evaluation is to pdwviverification or re-estimation of electric enesgnd
demand savings estimates and new savings factob$ ferescriptive Lighting retrofit and new
construction projects through site-specific insfpectmonitoring, and analysis. The final studyutes
produced following 12 months of monitoring, will beed to determine the final realization rates for
Prescriptive Lighting energy efficiency projectstilled in 2012.

This report presents the following realization sadt the statewide level using 12 months of metdata
collected from each site:

Annual KWh — This result is the gross annual kWh realizataie including additional savings
due to HVAC interactive effects. This realizati@ate is the evaluation gross annual kwWh savings
divided by the tracking gross annual kWh savings.

Connected KW — This result is the gross connected kW realipatide, which includes any
documentation, quantity, and technology adjustmeiitss realization rate is the evaluation
gross connected kW savings divided by the tracgitngs connected kW savings.

Connected kWh— This result is the gross connected kWh reatizatate, which includes only
the documentation, quantity, and technology adjasts1 This realization rate is the evaluation
gross connected kWh savings divided by the tracgiogs connected kWh savings.

Hours of Use— This result is the hours of use realization,ratgich represents the evaluation
estimate of hours of use divided by the trackingese of hours of use.

This report also provides the following savingsfas:

Summer Coincidence Factor
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On Peak Hours— Diversity x Coincidence. This is the percentafjthe connected kW
savings coincident with the summer on-peak period.

Seasonal Hours- Diversity x Coincidence. This is the percentafithe connected kW
savings coincident with the summer seasonal peaéde

Winter Coincidence Factor

On Peak Hours— Diversity x Coincidence. This is the percentafjthe connected kW
savings coincident with the winter on-peak period.

Seasonal Hours- Diversity x Coincidence. This is the percentafithe connected kW
savings coincident with the winter seasonal pealoge

Summer kW HVAC Interactive Effect

On Peak Hours— This is the percentage of gross connected kWigsithat are due to
interactive effects during the summer on-peak perio

Seasonal Hours- This is the percentage of gross connected kWigavhat are due to
interactive effects during the summer seasonal peskd.

Winter kW HVAC Interactive Effect

On Peak Hours— This is the percentage of gross connected kWgsithat are due to
interactive effects during the winter on-peak perio

Seasonal Hours- This is the percentage of gross connected kWigavhat are due to
interactive effects during the winter seasonal peaiod.

KWh HVAC Interactive Effect — This is the percentage of the gross kWh sauimgsare due
to interactive effects.

% On Peak KWh — This is the percentage of energy savings thatraturing on-peak hours.

A listing of all realization rates and savings tastwith descriptions and algorithms is presemnted i
Appendix A. The savings factors presented inrdport are developed so that they may be applied to

future TRM updates.

The evaluation sample for this study was designembnsideration of the 90% confidence level for

energy (kWh) and the 80% confidence level for colant peak summer demand (kW).
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This report also provides a comparison of the 1atimanetering results to the interim results thateve
based on approximately three months of meteririgérwinter of 2011/2012.The purpose of this
comparison is to help PAs determine the value f leersus shorter term data collection, and tarmfo
the most representative time of year to perfornrtsieom metering in any future impact evaluatiohs o
their Prescriptive Lighting programs.

2.2 Scope

The scope of work of this impact evaluation covaherl2010 Prescriptive Lighting end-use, which
includes all lighting systems and controls, Advahtehting Design (ALD) or performance lighting,dn
refrigerated LED case lights. This impact evaluaiitcludes only measures which primarily reduce
electricity consumption. The presentation of 20@6ings in 2013 is due to the extended metering
period. Projects were contacted and meter insitadldegan in late 2011; in order to complete ayfehr
of metering, the meters were removed in late 20tRemrly 2013, informing this report.

3. Evaluation Approach

3.1 Sample Design

The Prescriptive Lighting sample was designedltmaDNV KEMA to estimate realization rates for a
number of savings parameters (annual kWh, connéd&édummer and winter on-peak and seasonal
coincidence factors, and HVAC interactive effeetstbr) with statistical precisions that meet PA
requirements in two areas. The target for ann\éh kvas set at the traditional £10% at 90% configenc
while the target for summer kW was set at +10%ipiac at 80% confidence.

The PAs were interested in results for each ofdhefollowing groups:

Lighting Systems

Lighting Controls

Advanced Lighting Design (Performance Lighting)

Refrigerated Case Lighting (LED)
After running several scenarios based on diffesantple sizes and allocations, the team decided on a
Prescriptive sample comprised of 57 sites splivbeh measure types as indicated in Table 14. This

table also includes estimates of the precisionswiee anticipated at the time of this design, assg an
error ratio of 0.4.

* Impact Evaluation of 2010 Prescriptive Lightimgtallations, Interim Results Memo, August 17, 2(2pared
by DNV KEMA
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Table 14: Prescriptive Lighting Sample Design

Anticipated
Total Assumed Confidence Planned REIEYE]
Measure Type Accounts Savings Error Ratio Level Sample Size Precision
Systems & Controls 1,095| 92,442,396 0.4 90% 37 +11.03%
Advanced Lighting Design 72| 5,670,723 0.4 90% 10 +14.44%
Refrigerated Case Lighting 61| 2,664,459 0.4 90% 10 +19.28%
Total 1,228| 100,777,578 0.4 90% 57 +10.16%

This allocation by PA was further stratified byaisavings, and sample sites were selected. #iger
sample selection, several adjustments were regbased on observations made during initial file
reviews and early site visits. In some casesiradte sites were used, but in other cases ther neer
additional sites to select. In the end, a totd®sites were included in the Prescriptive Lightsample.

3.2 Measurement, Verification and Analysis Methodology

A key task in the on-site engineering assessmeheisstallation of measurement equipment tormid i
the development of independent estimates of savifpe type of measure influences the measurement
strategy used. Time-of-use loggers, electricalenurioggers, and multi-channel three-phase power
loggers may all be utilized to inform the savingfcalations with a direct measurement of electrical
usage and/or hours of operation. For the intetudys three months of data was typically used for a
sites. For this report, 12 months of logger dag¢aevcollected at all sites, and used to update the
estimated operation from the interim report.

In the context of an energy analysis, most efficjemeasures can be characterized as either time-
dependent or load-dependent. Time-dependent equiptypically runs at constant load according to a
time-of-day operating schedule. Mathematicallyyrhof-day and day-of-week are usually the most
relevant variables in the energy savings analyfsisese measures. Lighting is the most prevalerd-t
dependent measure.

The following section outlines the methodology tiare-dependent lighting measures. A more detailed
description of the calculation methodology is presd in_Appendix B.

3.2.1 Monitoring

Time-dependent measures typically call for theailfestion of time-of-use (TOU) loggers to measure
hours of use. These small devices use speciaiesbrs — photocells in the case of lighting messsyr
to sense and record the dates and times that eedewvns on and off. This TOU data will be used to
support the evaluation in two key ways:

1. To develop peak coincidence factors, and
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2. To develop annual hours of use.

The measure scope influences the appropriate nuoft@ggers and systems monitored for each site.
Factors that drive the number of installed loggectude the number of unique schedules at the aite,
the anticipated level of variation among the scheslwithin a particular space type.

Clamp-on time-of-use, current, or power loggers @ap be used in selective situations such as égh-
lighting, or exterior fixtures where traditionaine-of-use lighting loggers may be impractical due t
installation height or accessibility.

During the retrieval of the first round (three monlbggers, new loggers were installed in theicplto
continue monitoring operation throughout the remdairof the metered year.

It was expected that with a logger study of thigtl, there were likely to be some gaps in the @¥dur
data resulting from lost or moved loggers, bad,dd#¢ad loggers or loggers that exceeded the maximum
number of records. To plan for this, DNV KEMA usselv batteries in each logger that was deployed,
and used redundant loggers in areas with signifisavings. Additionally, most loggers were swapped
again after approximately six more months to heiprove the odds of collecting good data. Evalsator
based this decision to swap loggers again on aedagtors, including how many on/off transitiohe t
loggers recorded during the first round (maximun8,@00 transitions), and buildings/locations thatym
lose loggers (i.e. schools, hospitals and ret#illthe end, evaluators used 2,054 lighting loggers
monitor 766 spaces between the 56 sites. In addidvaluators used a handful of clamp-on CT logjger
and power loggers.

3.2.2 Verification

A detailed inventory was performed for each insthiineasure. This inventory included a verificatén
the quantity and technologies installed from thegpam, as well as customer reported operating Hours
specific equipment and locations. For pre-retrafitbaseline hours and equipment, evaluators aised
combination of facility interview and tracking estites. Methods of control were also examined and
inventoried at this time. Other variables thatevanalyzed include the types of heating and cooling
systems serving the areas of the installed medsutiee calculation of interactive HVAC effects.

3.2.3 Site Analysis
3.231 Three Month Logger Data

The project team was responsible for data entryasuadlysis of all information gathered during the
evaluation. On and off transition data was dowdémhfrom each logger. The data was then analyzed
using computer software, which develops time-ofiose profiles and estimates of percentage on-times
during the monitoring period. For the interim résmemo, evaluators extrapolated the three maofths
captured operation data out to 12 months to acldaneial hours of operation.
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Figure 1: Measured Hourly Lighting Profiles by Day-of-Week

Time-of-use data from each logger, such as in Eiduwas reviewed to identify the influence on ainu
trends such as seasonal effects (e.g., dayligigs)y production, and occupancy swings (e.g.,
vacations). Detailed review of time-of-use dat& wapected to reveal explicable patterns that agitbe
other data sources, such as on-site interviewguipment control schedules. The time-of-use pesfil
were combined with these other data sources tagodte the three month logger data to an entae. ye

3.2.3.2 12 Month Logger Data

Following the completion of a full 12 months of mehg, logger data were processed and combined
using a computer program. This program was deditmeetrieve the two or three logger data streams
for each space monitored, and combine them intdBopf0 hourly profile of actual operation.

As expected, there were some gaps in the 8,760desynite our efforts to avoid these circumstances.
The program utilized a method as a first pasditthise gaps. In the cases where the data gapredc

in one season, the program filled these gaps withage logger data from the same hour, day of week,
and season from the good data. This occurred infd¥e loggers, but the gaps represented only 26%
the total annual hours. In cases where loggers e@rsidered bad or were missing over multiple sesso
(2% of loggers, 2% of annual hours), evaluatorfopered more manual adjustments. In some cases,
logger data from redundant loggers were used icepid the missing data. In other cases, averaggeto
data from the same hour and day of week from theesspace were used to fill in the missing data. On
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average, missing data accounted for approximatayieeks of the year, per site, which did not gverl
influence the results.

Annualized logger data and field verified equipmand quantities were entered into an 8,760 hour
analysis spreadsheet. Massachusetts program watwesused for fixture wattages with site verified
modifications as needed. The spreadsheet calswdateual kW and kWh savings for the installed syste
as compared with the baseline equipment, whichm@stly based on tracking estimates and verified, as
best possible, through discussions with faciligffst

3.2.4 Lighting Controls

The key variable in estimating savings due to tisgailation of lighting controls is the differenice

operating hours for occupancy sensors, or therdiffee in average lighting wattage for dimming

controls. In the case of occupancy sensors, #taliad condition of the system was metered. Siace
pre-installation metering was conducted, the basalperating hours needed to be estimated. The DNV
KEMA team employs several different methodologeesgétermine these baseline hours depending on the
site and usage of the space, and apply them aogai@information gathered on-site as illustratetbty.

The most frequent method applied by evaluatingresggss is to establish operating thresholds utdizin
operating profiles of the monitored lights. Thisthod is performed by determining when the lights
come on in the morning and when they go off at highis period is defined as the first hour of tiay
when the operating profile shows an apparent iser@alighting usage from the overnight usagehéo t
last hour of the day where this level of increassage is observed. Between these hours, the fmseli
operation is set at a certain fixed percentagds pércentage is usually less than 100%, though not
always, and is inferred from the maximum hourlyragien observed during the monitoring period of the
controlled fixture.

In some cases, lighting controls were installeghot off lighting that would have otherwise been on
100% of the time during business hours. TypicdHig situation occurs in warehouses or large open
spaces, which are occupied continuously througti@utlay. Occupancy sensors may be installed on
individual fixtures, or rows of fixtures, to redueaergy if sections of the space are unoccupied.
Typically, facility staff is confident in their detate of baseline operating hours in these specifses.

In these cases, evaluators will discuss the baselierating hours with facility personnel, and asshe
reasonableness of these hours.

One other method used to estimate baseline opgtatiars is to utilize lighting logger data from a
similar space type in the facility that is not lprontrolled. This type of proxy space is sometime
difficult to find in facilities because similar spatypes typically are treated the same when lighti
controls are installed. However, in some circumsés, evaluators may be able to monitor some
uncontrolled spaces, and apply the operating psfts baseline schedules, to similar space thpesdid
receive occupancy sensors. Inthese cases, ldgteefrom the uncontrolled space is compared tgdog
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data from the controlled spaces to determine ibferating profiles match. For example, the mamgisit
of the operation may be different between the tvafiles, but the operating profiles tend to have th
same start and stop times.

3.2.5 HVAC Interactive Effects

When lighting equipment converts electrical endmiight, a significant amount of that energy is
dissipated in the form of heat. Energy efficieghting measures convert more electrical enerdigtu
and less to heat. Since installing energy effidigihting adds less heat to a given space, a cat@pl
estimation of energy savings considers the assatiatpacts on the heating and cooling systems or
“interactive effects.”

The interactive effects take into account the ¢fté¢he energy efficient lighting measures onthei
corresponding heating and cooling systems. Eneiffigient lighting serves to reduce the heat gaia t
given space and accordingly reduces the load olingoequipment. But this reduced heat gain has the
added consequence of increasing the load on thmbegstem.

As part of the on-site methodology, evaluatorsrinésved facility personnel to ascertain the coolamgl
heating fuel, system type, and other informatiothwihich to approximate the efficiency of the HVYAC
equipment serving the space of each lighting ilettah. The DNV KEMA team expresses HVAC
system efficiency in dimensionless units of Coéint of Performance (COP), which reflects the rafio
work performed by the system to the work inputh&f system. Table 15 details the COP assumptions fo
general heating and cooling equipment types eneoedttin this study. Where site specific informatio
yields improved estimates of system efficiencystherere used in place of the general assumptions
below.

Table 15: General Heating and Cooling COP Assumptits

Cooling System Type COP Heating System Type COP
Packaged DX 2.9 Air to Air Heat Pump 1.5
Window DX 2.7 Electric Resistance 1
Chiller <200 Ton 4.7 Water to Air Heat Pump 2.8
Chiller >200 Ton 55

Air to Air Heat Pump 3.9

Water to Air Heat Pump 4.4

Refrigerated Area (high temp) 1.4

Refrigerated Cases (low temp) 1.9

Interactive effects are calculated only at siteengtheating or cooling systems are in use. Lewegabe
8,760 profile of hourly demand impacts, the DNV KENeam computes electric interactive effects
during the hours that lighting and HVAC are assumtaegperate in unison.
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DNV KEMA utilizes Typical Meteorological Year 3 (T¥B) hourly dry-bulb temperatures for
Worcester, Massachusetts as the balance pointi@iitethis analysis. For each hour in a typicedy
DNV KEMA computes HVAC interaction according to tftdlowing equations:

Cooling kW Effects = 80% * Lighting kW Savings / @lmg System COP
Heating kW Effects = -80% * Lighting kW Savings é#&ting System COP

The 80% values represent the assumed percentdlge lafhting energy that translates to heat which
either must be removed from the space by the aiditioning system or added to the space by thareat
system during the aforementioned HVAC hours. Blssumption is consistent with those established and
employed in previous impact evaluations of custigiting measures. Also, heating factors are negati
because heating interaction erodes gross lightimings, while cooling interactive boosts it.

4. Results

The results presented in the following sectionudel statewide level realization rates (and assetiat
precision levels) for annual kWh savings, percenpeak kWh savings, and on-peak and seasonal
demand (kW) coincidence factors at the times ofalmter and summer peaks, as defined by the ISO
New England Forward Capacity Market (FCM). Allmacident summer and winter peak reductions were
calculated using the following FCM definitions:

Coincident Summer On-Peak kW Reduction is the @esdemand reduction that occurs over all
hours between 1 PM and 5 PM on non-holiday weekateyane, July and August.

Coincident Winter On-Peak kW Reduction is the agerdemand reduction that occurs over alll
hours between 5 PM and 7 PM on non-holiday weekataig@cember and January.

Seasonal Peak: Non-holiday week days when the Reed-System Hourly Load is equal to or
greater than 90% of the most recent “50/50” Syddeak Load Forecast for the summer and
winter seasons.

The adjusted gross energy savings and connectediekifdnd reduction are presented with their
associated realization rate and relative precioeach lighting measure. These tables preseuottseas
adjustments to tracking savings. Each of thesastdents, or discrepancies, is described below:

Documentation Adjustment The Documentation Adjustment reflects any changavings due
to discrepancies in project documentation. Evahsatecalculated the tracking estimates of
savings using all quantities, fixture types/watggand hours documented in the project file. All
tracking system discrepancies and documentatiamseare reflected in this adjustment.
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Technology Adjustment The Technology Adjustment reflects the changsaivings due to the
identification of a different lighting technologfixture type and wattage) at the site than
represented in the tracking system estimate ohgavi

Quantity Adjustment: The Quantity Adjustment reflects the change wirsgs due to the
identification of a different quantity of lightinfixtures at the site than presented in the tracking
system estimate of savings.

Operational Adjustment: The Operational Adjustment reflects the changgawings due to the
observation or monitoring of different lighting opéng hours at the site than represented in the
tracking system estimate of savings.

HVAC Interactive Adjustment : The HVAC Interactive Adjustment reflects changesavings
due to interaction between the lighting and HVAGtsyns among the sampled sites. Generally,
these impacts cause a heating penalty and a caokag. This adjustment reflects impacts from
electric heating and/or cooling, not other fuels.

Also included in the results are savings factorstonmer and winter on-peak and seasonal coinaidenc
factors, summer and winter kW HVAC interactive effeactors, kWh HVAC interactive effect factor and
percent of energy savings during on-peak periodfatRe precision levels and error bounds are
calculated at the 90% confidence level for demawihgs factors and values. For all kWh realization
rates, the standard 90% confidence level is used.

A summary of site level results are also presemggppendix C.
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4.1 Lighting Systems

Figure 2 presents a scatter plot of evaluationlt®or Lighting Systems for annual energy savingsg
all 34 PA sample points. The dashed line in thegobrrepresents a realization rate of 100%. Theestd
the solid line in this graph is an indication oé thverall realization rate, and can be seen tadeater
than 100%. These sample data are arranged clasrind the trend line, which supports the estimate
made during the design process that the error vadigdd be relatively low.

2
L 4

Figure 2: Scatter Plot of Evaluation Results for Sgtems for Annual MWh Savings

Table 16 summarizes the statewide results of thadyais. In the case of annual kWh savings, the
realization rate for Lighting Systems was foundé&o112.3% with HVAC interactive effects included.
The relative precision for this estimate was fotmbe +7.9% at the 90% level of confidence. Nbsd t
gross tracking savings do not generally include K\MAteractive effects. The error ratio was foundé
0.29.
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Table 16 also shows the results for the connedféddalization rate. The overall realization ratesw
99.7%, with a relative precision of +2.6% at a 9€8afidence level.

Table 16: Summary of Lighting Systems Realization Rtes

Energy Connected kW

Lighting Systems kWh % Gross kw % Gross
Gross Savings (Tracking) 79,439,3[6 17,236
Documentation Adjustment -376,857 0% -1380 -1%
Technology Adjustment 466,552 1% 9 Q%
Quantity Adjustment -2,75% 0% 75 0
Operational Adjustment 5,168,634 7% NJA N/A
HVAC Interactive Adjustment 4,531,719 606 N/A N/A
Adjusted Gross Savings 89,226,609 112% 17,090 100%
Gross Realization Rate 112.3% 99.7%
Relative Precision +7.9% +2.6%
Confidence Interval 90% 90%
Error Ratio 29% 109

Table 17 summarizes the statewide savings factstdtmg from this analysis. All relative preciss

were calculated at the 90% confidence level. Tivp@ak summer coincidence factor was 72.2%, with a
relative precision of +11.1%. The seasonal sunwuogrcidence factor was 73.6%, with a relative
precision of £10.9%. The on-peak winter coincidefaetor was 65.9%, with a relative precision of
+12.2%. The seasonal winter coincidence factor&@3%, with a relative precision of +12.6%. The
table also provides savings factors for on-peakssagonal summer and winter kW HVAC interactive
effects, kWh HVAC interactive effect, hours of usalization rate and percent on-peak kWh.
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Table 17: Summary of Lighting Systems Savings Faate

Savings Factors and Realization Rates Systems

at 90% Confidence Value \ Precision

Connected kW Realization Rate m

On Peak Hours 72.2% +11.1%
Seasonal Hours 73.6% +10.9%
On Peak Hours 65.9% +12.2%
Seasonal Hours 66.9% +12.6%
On Peak Hours 114.6% +2.7%
Seasonal Hours 114.8M% +2.8%
On Peak Hours 99.8% +0.4%
Seasonal Hours 99.8% +0.3%
Connected kWh Realization Rate 100.1% +3.1%
KWh HVAC Interactive Effect 105.4% +1.3%
Hours of Use Realization Rate 106.9% +7.4%
% On Peak KWh 63.88% +5.6%
Heating HVAC Interaction Effect (MMBtu/kWh -0.0006

Overall, lighting systems appear to be performiagdy than expected. The significant increaséen t
annual kWh realization rate is primarily due tohegthan predicted operation of the lighting system
The main discrepancy factors that can be usedgtdight the high realization rate are the conne&isd
adjustment, operation adjustment and the HVAC auiive adjustment.

The connected kW adjustment, or connected kW r@#tiz rate encompasses any documentation errors,
guantity and fixture discrepancies. As found iis #valuation, the connected kW realization rate of
99.7% indicates that the programs are seeing thlieatajuantities and fixture types being installed.

The operation adjustment of 112.6% was the largdisistment factor. A review of the site level Hesu
in Appendix C show that seven of the 34 samplgepts with lighting systems installed showed haafrs
operation that were more than 125% of the propeséthates. Of these eight sites, two were
manufacturing facilities. The other six sites wargormitory, movie theater, school, retail stand a
library. With such a range of building types, ttigesn’t appear to be the driver for the hoursgiase. In
the case of the manufacturing facilities, it appehat they are operating more shifts than expedtad
likely that in most of these situations, the pragblours were the expected business hours, wiaile th
lighting hours, especially those in common arears] to operate more.
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The HVAC interactive adjustment of 105.5% represd¢in¢ additional savings associated with the space
cooling and heating.

4.2 Lighting Controls

Figure 3 presents a scatter plot of evaluationlte$or Lighting Controls for annual energy savingsng
all 26 PA sample points. The slope of the solié limthis graph is an indication of the overalllicion
rate, and can be seen to be less than one. Thegdesdata spread from the trend line, which is
indicative of a higher error ratio. Site levellization rates ranged from 4% to 353% in this measu
category. The evaluation found that majority @& thiscrepancies between the tracking and evaluated
savings estimates were due to miscalculation ohthes reduced. In the case of the 353% realizatio
rate site, hours reduced were found to be almasttimes as much as tracking estimates. Thisés on
reason why a pre/post metering lighting contralglgtis being considered as a separate effort.
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Figure 3: Scatter Plot of Evaluation Results for Catrols for Annual MWh Savings

Table 18 summarizes the statewide results of thadyais. In the case of annual kWh savings, the
realization rate for Lighting Controls was foundo® 72.0% with HVAC interactive effects includedherl
relative precision for this estimate was found ¢at23.2% at the 90% level of confidence. The error
ratio was found to be 0.66.
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Table 18 also shows the results for the connedféddalization rate. The overall realization ratesw
93.8%, with a relative precision of +6.0% at a 9€8afidence level.

Table 18: Summary of Lighting Controls RealizationRates

Energy Connected kW
Lighting Controls kWh % Gross kw % Gross
Gross Savings (Tracking) 12,805,436 10,313
Documentation Adjustment -131,240 -1% -140 %
Technology Adjustment -55,494 0% +9 %
Quantity Adjustment -1,137,164 -9% -489 %
Operational Adjustment -2,537,733 -20% NYA A
HVAC Interactive Adjustment 281,840 2% N/A A
Adjusted Gross Savings 9,225,625 72% 9,675 94%
Gross Realization Rate 72.000 93.8%
Relative Precision +23.2% +6.00%
Confidence Interval 90% 90%
Error Ratio 66% 159
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Table 19 summarizes the statewide savings faatstdting from this analysis. All relative precist

were calculated at the 90% confidence level. Tip@&ak summer coincidence factor was 13.8%, with a
relative precision of £23.6%. The seasonal suntogrcidence factor was 13.0%, with a relative
precision of £20.9%. The on-peak winter coincidefacor was 13.4%, with a relative precision of
+46.3%. The seasonal winter coincidence factor14aB%, with a relative precision of £43.3%. The
table also provides savings factors for on-peakssagonal summer and winter kW HVAC interactive
effects, kWh HVAC interactive effect, hours of usalization rate and percent on-peak kWh.

Table 19: Summary of Lighting Controls Savings Faairs

Savings Factors and Realization Rates Controls
at 90% Confidence Value | Precision

Connected kW Realization Rate

On Peak Hours
Seasonal Hours

On Peak Hours
Seasonal Hours

On Peak Hours
Seasonal Hours

99.6¢
99.6

On Peak Hours
Seasonal Hours

Connected kWh Realization Rate 89.7% +8./%
KWh HVAC Interactive Effect 103.2% +1.5%
Hours of Use Realization Rate 77.9% +24 5%
% On Peak KWh 58.86% +22.6%

Heating HVAC Interaction Effect (MMBtu/kWh! -0.0028

4.3 Advanced Lighting Design

Figure 4 presents a scatter plot of evaluationlte$ar ALD for annual energy savings using all A
sample points. The slope of the solid line in triph is an indication of the overall realizatiate; and
can be seen to be greater than one. These saatplareé arranged closely around the trend lineghwvhi
supports the estimate made during the design mdabasthe error ratio would be relatively low.
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L 4

Figure 4: Scatter Plot of Evaluation Results for ALD for Annual MWh Savings

Table 20 summarizes the statewide results of thadyais. In the case of annual kWh savings, the

realization rate for ALD was found to be 124.6%hitVAC interactive effects included. The relative
precision for this estimate was found to be +7.6%h@ 90% level of confidence. The error ratio was
found to be 0.18.

Table 20 also shows the results for the connedféddalization rate. The overall realization ratesw
101.2%, with a relative precision of +1.7% at a 9@8nafidence level.

Table 20: Summary of ALD Realization Rates

Energy Connected kW
Advanced Lighting Design kWh % Gross kw % Gross
Gross Savings (Tracking) 5,670,723 1,178
Documentation Adjustment 619 0% -6 -1%
Technology Adjustment 542,983 10p0 b4 5%
Quantity Adjustment -228,228 -4% -44 -4
Operational Adjustment 639,442 11% N/A NfA
HVAC Interactive Adjustment 438,396 8% N/A N/A
Adjusted Gross Savings 7,063,983 125% 1,192 101%
Gross Realization Rate 124.6% 101.2%
Relative Precision +7.6% +1.7%
Confidence Interval 90% 90%
Error Ratio 18% 39
KEMA, Inc. 4-32 June 21, 2013



DNV KEMA Energy & Sustainability

Table 21 summarizes the statewide savings faatstdting from this analysis. All relative precis

were calculated at the 90% confidence level. Tip@&ak summer coincidence factor was 42.8%, with a
relative precision of +31.1%. The seasonal sunwagrcidence factor was 39.1%, with a relative
precision of £38.5%. There were two schools in saisiple, and both had very low summer coincidence
factors. This is likely the driver for the lowarramer coincidence factors as compared to lighting
systems. The on-peak winter coincidence factord@ag%, with a relative precision of £15.2%. The
seasonal winter coincidence factor was 46.6%, witblative precision of £17.5%. The table also
provides savings factors for on-peak and seasomaer and winter kW HVAC interactive effects, kwh
HVAC interactive effect, hours of use realizatiaterand percent on-peak kWh.

Table 21: Summary of ALD Savings Factors

Savings Factors and Realization Rates Advanced Lighting Design
at 90% Confidence Value Precision

Connected kW Realization Rate

On Peak Hours
Seasonal Hours

On Peak Hours

Seasonal Hours

On Peak Hours

46.6

122.6

Seasonal Hours

123.2

On Peak Hours 94.1% +8.3%

Seasonal Hours 93.9% +8.5%
Connected kWh Realization Rate 105.6% +4 6%
KWh HVAC Interactive Effect 106.6% +2.4%
Hours of Use Realization Rate 110.7% +7.2%
% On Peak KWh 65.67% +7.8%

Heating HVAC Interaction Effect (MMBtu/kWh! -0.000%

4.4 Refrigerated LED Case Lighting

An initial review of the Refrigerated LED samplaufa that some PAs were treating these measures
differently between 2010 and 2011. The samplewRefrigerated LED projects were pulled from 2010,
when some PAs were not applying refrigeration axtve savings to their tracking estimates, whiteeo
PAs were using different assumptions for refrigerasystem efficiency.

It was found that NSTAR was not yet applying redrigtion interactive savings to their savings edtésia
in 2010. Evaluators also found that National Gvas using a refrigeration system efficiency of 1.6
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kw/ton for most of their 2010 projects. The MA TRidsumes a refrigeration system efficiency of 1.3
kw/ton. By applying the TRM assumptions to the M&Tsample from 2010, this would have increased
their savings estimates. Applying the TRM refragen system efficiency assumption to the National
Grid sample from 2010 would have decreased thginga estimates.

In 2011, the PAs began applying refrigerating imtéive savings to their tracking estimates usimgM
TRM assumptions. For this reason, the use ofzat#bin rates and savings factors resulting from the
2010 population is not applicable to 2011 programd beyond. Therefore, DNV KEMA recommended,
and the PAs and EEAC agreed to calculate realizaéites relative to the TRM estimates, rather than
2010 tracking savings. By applying the TRM saviafgporithms to the 2010 sample projects, which
includes refrigeration interactive savings, a valdnparison can be made so that results may bedppl
retrospectively as well as prospectively.

Figure 5 presents a scatter plot of evaluationltefor Refrigerated LEDs for annual energy savings
using all PA sample points. The slope of the dliriel in this graph is an indication of the overall
realization rate, and can be seen to be closedo these sample data are arranged closely arbend t
trend line, which supports the estimate made dutieglesign process that the error ratio would be
relatively low.

Figure 5: Scatter Plot of Evaluation Results for R&igerated LEDs for Annual MWh Savings

Table 22 summarizes the statewide results of thayais relative to the TRM savings algorithm.the
case of annual kWh savings, the realization rat&#drigerated LEDs was found to be 97.5% with
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HVAC interactive adjustments included. The relativecision for this estimate was found to be +8a8%
the 90% level of confidence. The error ratio wasd to be 0.19.

Table 22 also shows the results for the connedféddalization rate. The overall realization ratesw
100.7%, with a relative precision of £0.9% at a 9@8afidence level.

Table 22: Summary of Refrigerated LED Realization Rites

Energy Connected kW

Refrigerated LED kWh % Gross kw % Gross
Gross Savings (Tracking) 2,702,650 476
Documentation Adjustment D 0% 0 OPb
Technology Adjustment ) 0% 0 0%
Quantity Adjustment 16,942 1% 3 1%
Operational Adjustment -170,249 -6Po NJA N/A
HVAC Interactive Adjustment 85,35[7 3% N/A N/A
Adjusted Gross Savings 2,634,701 97% 479 101%
Gross Realization Rate 97.5% 100.7%
Relative Precision +8.8% +0.9%
Confidence Interval 90% 90%
Error Ratio 19% 29

Table 23 summarizes the statewide savings faatstdting from this analysis. All relative precisg
were calculated at the 90% confidence level. Tip@&ak summer coincidence factor was 99.4%, with a
relative precision of £0.5%. The seasonal sumragrcadence factor was 99.7%, with a relative
precision of £0.5%. The on-peak winter coincidefamtor was 99.5%, with a relative precision of
+0.5%. The seasonal winter coincidence factor 98a8%, with a relative precision of £0.2%. The
coincidence factors are all close to 100%, whidpigropriate for this measure type, which tendseto
installed in grocery stores. The business houtkede facilities typically coincide with the sunmaad
winter peak periods. The table also provides gpv/factors for on-peak and seasonal summer anémwint
kW refrigeration interactive effects, kWh refrigiom interactive effect, hours of use realizatiaterand
percent on-peak kwh.
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Table 23: Summary of Refrigerated LED Savings Facts

Savings Factors and Realization Rates

Refrigerated LED
at 90% Confidence Value \ Precision

Connected kW Realization Rate

On Peak Hours
Seasonal Hours

99.5¢
99.9

On Peak Hours
Seasonal Hours

105.8%
105.9%0

On Peak Hours
Seasonal Hours

105.8%
106.0p6

On Peak Hours
Seasonal Hours

Connected kWh Realization Rate 100.6% +0.8%
KWh Refrigeration Interactive Effect 103.3% +2.6%
Hours of Use Realization Rate 93.71% +6.1%
% On Peak KWh 63.53% +3.9%
Heating HVAC Interaction Effect (MMBtu/kWh 0.00000

Refrigeration System Interactive Savings

Note that the HVAC interactive effects in the tabl®ve are greater than 100%. The primary reason f
the increase is difference in refrigeration effizig employed in the evaluation as compared to &RE1T
estimate. In the TRM, the interactive refrigeratgavings attributed to the reduction of waste-husads

at the compressor is calculated using a 1.3 k\W8ystem efficiency. This value was obtained from a
report prepared for National Grid in March 280The refrigeration measures included in that repo
consisted of replacing existing shaded pole evapofan motors with electrically commutated motors.
The sites included three liquor stores, a convex@etore, and a restaurant. The fans were indtallsix
walk-in beverage coolers and one small walk-inZeze All of the beverage coolers are higher-
temperature applications. The average 1.3 kWieffay stated in this report refers to the average
efficiency of the sites and equipment in this srballiness analysis.

The LED lighting fixtures installed in the Large Cgrescriptive lighting program were found in
facilities and equipment that are significantlyfelient from what was reported in the 2007 Smalll

® Massachusetts Technical Reference Manual, 201gr&@roYear — Plan Version, October 2010
® RLW Analytics (2007). Small Business Services 6msMeasure Impact Evaluation. Prepared for NatiGral.
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Business report. Most of the lighting fixtures wénstalled in reach-in freezers. Product inclufiieden
vegetables, ice, frozen seafood, ice cream, arat &tbzen product. Case temperatures ranged from
+20°F to temperatures well below 0°F. These refagon units are linked to the low temperature sit
the supermarket rack systems. The efficiencitisese temperatures are less than higher temperature
applications. R-22 was the only refrigerant usethe higher temperature applications, while the lo
temperatures supermarket systems use R-22 andreftigerants in their systems. Medium and high
temperature units include reach-in deli multi-dedkeese coffins, deli showcases, beverage coaleds,
other units that were not included in the lightreg ofit.

As part of this evaluation, the refrigeration syssenvere reviewed at each location. Evaluators were
unable to find documentation at the sites that digubvide design specifications or operational
efficiencies of the units. Nameplate data wasndkem several compressors, but performance data
could not be located. It was also noted that systems had different components with differensage
Systems consisted of compressors from the origisédllation as well as new compressors, installed
over time, to replace failed units. The efficiemfithe system is then the interactive composite of
components of different age and efficiency. Albe, condition and accuracy of controls, valves, and
other components was not known.

To estimate refrigeration system efficiency, evadtmutilized a combination of ASHRAE estimates and
manufacturer’s specifications for new equipmenSHRAE rates the main load at an 8 to 9 EER [1.5
kWr/ton and 1.3 kW/ton]. The chapter (2010 ASHRA&myeration Handbook, Chapter 47, Retail Food
Store Refrigeration and Equipment) also notedlthattemperature frozen food units ranged from 3.4
kWw/ton to 2.4 kW/ton. However, these efficienciesliided -30°F to -40°F temperatures for ice cream
freezers. Temperatures that low were not notéldeastores. That temperature range applied to-imalk
bulk storage and not the reach-in retail cases.

Compressor data from three manufacturers was @uatdor new equipment. Average performance data
was calculated across multiple compressor sizassfiog for R-22, R-507, and R-404 units. The review
focused on Saturated Suction Temperatures (F)IWF#, and 20°F for R-22 units at Saturated Disaharg
Temperatures (F) of 100°F, 110°f, and 120°F. Rbeworefrigerants, the SST range was 10°F, 0°F, -
10°F, and -20°F at the same SDT. However, thia dgdresents new equipment, and the refrigeration i
the field consisted of units of various ages anatit@mns. The condition of controls, defrosts, wiator
fan operation, and other maintenance factors wlsawn. Therefore, the average efficiencies were
increased by a 15% maintenance diversity factactmunt for aged units and deferred maintenanbe. T
result was an average efficiency of 1.9 kW/tonis®Emould provide a more accurate estimate of
refrigeration efficiency for the types of refrigtgd cases where these fixtures are being installed.

KEMA, Inc. 4-37 June 21, 2013



DNV KEMA Energy & Sustainability

5. Comparison of 12 Month and 3 Month Monitoring

Results

Table 24 through Table 25 presents some of thdtsesflboth the three month interim analysis, drel t
12 month analysis. These comparison tables arede to highlight the differences between the two

monitoring periods.

As shown in Table 24, the annual energy savingssantmer demand savings dropped between the three
and 12 month analyses. The annual energy saviags about 5% less in the 12 month analysis.

Table 24: Comparison of 3 vs. 12 Month Results — ghting Systems

Lighting Systems

3 Month Analysis

12

Month Analysis

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 118.1%% +8.54% 90% 12.3% +7.89%
Connected kW Realization Rate 80P6 99.7% +2.06% 90%  99.7% +2.64%
Summer On-Peak Coincidence Factor 80% 7713% +7.86% 90% 72.2% +11.119
Winter On-Peak Coincidence Factor 80% 65.8%  +10.13% 90% 65.9%| +12.159
Summer On-Peak kW HVAC Interactive Effect Factor %8 114.7% +2.10% 909 114.6% +2.74M%6
Winter On-Peak kW HVAC Interactive Effect Factor %80 99.8% +0.18%) 909 99.8% +0.37%
kWh Interactive Effect Factor 80% 105.8%0 +1.03% 90% 105.4% +1.27%
% On-Peak kWh 80% 63.1% +4.42% 909 63.9% +5.620%0

Table 25 presents the un-weighted average ligttings of use and summer coincidence factors fdr bot
analyses by facility type. A review of these ré&sshowed that schools, libraries and offices bagt
annual hours of operation as compared to the thoegh analysis. Annual hours of use for thesesthre
building types went down approximately 8% as coragdo the three month analysis. These building
types represented 11 of the 34 sites in the LighBipstems sample. The annual operating hoursiéor t
remaining building types, including manufacturingtail, exercise facilities, and other, were neaf9%

of the predicted three month analysis.

Likewise, there was a drop in the summer coinciddactors, and as a result, in the summer kW
realization rates. These drops were mostly driveachools (54% three month summer CF, 39% 12
month summer CF) and offices (89% three month sun@fe 81% 12 month summer CF). This is
significant because the interim three month moimgpperiod covered the winter season, and the summe
period was extrapolated from logger data and agljlisased on discussions with facility personnel. F
schools in particular, it is difficult to predicimmer usage based on this method. This is expldipe
the reduced and inconsistent summer usage tydisahools. For offices, it is possible that ocauga
use their lights less often during the day if theye windows that provide sufficient sunlight.
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Additionally, vacations are also more frequent dgrihe summer period, which could play a role #sth

reductions.

Table 25: Facility Type Comparison — Lighting Systens

12 12

Count of 3 Month Month 3 Month Month 12

Facility Hours of | Hours of | Month/3 Summer | Summer Month/ 3
Facility Type Type Use Use CF CF Month
Manufacturing Facility 6 5,898 5,730 97% 88% 8% 00%
Office 5 4,079 3,759 92% 89% 81% 91/%
Retail 5,727 5,473 969 91% 91% 100%%
School/University 4 3,114 2,839 91% 54% 39% 2%
Exercise Center 2 6,541 6,604 101% 89% 91% 102%
Library 2 2,129 1,990 93% 58% 58% 101%
Other 10 6,054 5,965 99% 81% 79% 98%
Average All Lighting Systems 34 5,140 4,968 97% 81% 77% 96%

Figure 6 presents the site-by-site comparison af$of use for both the three month analysis (Qraad
the 12 month analysis (blue) for Lighting Systerfi$is chart highlights the differences between the
estimated annual hours in the three month anadygighe actual annual hours in the 12 month argalysi
As shown below, most sites had similar estimatdsofs in both analyses. Of the 34 sites in this
sample, 27 had a 12 month hours of use estimalenwi% of their 3 month hours of use estimatee Th

largest difference between the two was site 5&fface building.
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Figure 6: Site Level Hours of Use Comparison — Liging Systems
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The evaluation team also analyzed the 12 montimgaviesults to try to determine the most
representative one, two and three month meteririggsefor lighting systems. Table 26 presents the
annualized weighted monthly average site savings haw well they match the actual annual site
savings. As shown below, January, March, July@egptember were the best matches when compared to
the actual annual savings.

Table 26: Annualized Weighted Monthly Average Savigs

Annualized Weighted
Percent of Actual Annual

Monthly Average Savings

(kWh) Savings (kWh)
January 80,290 99.2%
February 73,070 90.2%
March 81,594 100.8%
April 77,647 95.9%
May 87,266 107.8%
June 83,707 103.4%
July 82,374 101.7%
August 84,269 104.1%
September 81,926 101.2%
October 84,732 104.6%
November 75,723 93.5%
December 79,136 97.7%
Actual Annual Savings 80,978 100.0%%0

Table 27 presents the annualized weighted two-mavithage site savings, and how well they match the
actual annual site savings. As shown below, Octhloember and March/April appear to best represent

the entire year.

Table 27: Annualized Weighted 2-Month Average Savigs

Annualized Annualized
Two Weighted 2-Month Percent of Weighted 2-Month Percent of
Month Average Savings Actual Annual Two Month | Average Savings Actual Annual
Period (kwh) Savings (kWh) Period Savings (kWh)
Jan-Feb 76,680 94.7% Dec-Jan 79,713 98/4%
Mar-Apr 79,621 98.3% Feb-Mar 77,332 95.5%
May-Jun 85,487 105.6% Apr-May 82,4%6 101.8%
Jul-Aug 83,321 102.9% Jun-Jul 83,041 102.6%
Sept-Oct 83,324 102.9% Aug-Sept 83,097 102/6%
Nov-Dec 77,430 95.6% Oct-Nov 80,228 99.1%
Actual Actual
Annual Annual
Savings 80,974 100.0% Savings 80,978 100.0%
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Table 28 presents the annualized weighted thredhmarerage site savings, and how well they mateh th
actual annual site savings. As shown below, theetimonth monitoring period between September and
November best represented the entire year.

Table 28: Annualized Weighted 3-Month Average Savigs

Annualized | Percent Annualized Percent Annualized | Percent
Weighted of Weighted of Weighted of

3-Month Actual 3-Month Actual 3-Month Actual
Three Average Annual | Three Average Annual  Three Average Annual
Month Savings Savings | Month SEVS Savings Month SEe]S SEVS

Period (kWh) (kWh) Period (kWh) (kWh) Period (kWh) (kWh)
Jan-Mar 78,318 96.7% Dec-Febp 77,499 95/7% Nov-Jan 8,383 96.8%
Apr-Jun 82,873 102.3% Mar-May 82,169 101.5% Feb-Apr 77,437 95.6%
Jul-Sept 82,856 102.3% Jun-Aug 83,450 103]1% May-Ju 84,449 104.3%
Oct-Dec 79,864 98.6% Sept-Nav 80,7094 99.8% Aug-Oct 83,642| 103.3%
Actual Actual Actual
Annual Annual Annual
Savings 80,978 100.0% Savings 80,974 100.0% Savings 80,978 100.0%

Table 29 presents the same comparison for Ligi@imgtrols. Similar to Lighting Systems, controls
savings also went down between the three montiiamdonth analyses. However, there was no
particular pattern to the reductions. In facto2the 26 Lighting Controls sites showed lower tsour
reduced as compared to the three month analysis.

Table 29: Comparison of 3 vs. 12 Month Results — ghting Controls

Lighting Controls 3 Month Analysis 12 Month Analysis

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision

Annual kWh Realization Rate 90% 84.0p0  +20.72% 90% 2.0% | +23.23%
Connected kW Realization Rate 80Pb 93.8% +4.6/% 90% 93.8% +5.99%
Summer On-Peak Coincidence Factor 80% 1916% +15.94% 90% 13.8% +23.629
Winter On-Peak Coincidence Factor 80% 15.4% +44.25% 90% 13.4% +46.349
Summer On-Peak kW HVAC Interactive Effect Factor %8 111.5% +2.20% 909 109.3% +3.79%
Winter On-Peak kW HVAC Interactive Effect Factor %280 99.9% +0.10%)| 909 99.6% +0.59%
kWh Interactive Effect Factor 80% 103.1% +1.08% 90% 103.2% +1.52%)
% On-Peak kWh 80% 60.1%| +15.51% 90% 58.9%  +22.58%
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Table 30 presents the comparison of results foradded Lighting Design. Savings in this categosp al

dropped from the three month analysis to the 12tmanalysis. Two of the 10 sampled sites had hours

of use reductions that were less than 90% of treetihonth estimate. One of these was a schoothand

other an office building.

Table 30: Comparison of 3 vs. 12 Month Results — Adnced Lighting Design

Advanced Lighting Design

3 Month Analysis

12

Month Analysis

%)

o

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 135.1% +12.31% 90% 124.6% +7.60%)
Connected kW Realization Rate 80P6 104.5% +4.68% 90% 101.2% +1.73%
Summer On-Peak Coincidence Factor 80% 687% +19.84% 90% 42.8% +31.129
Winter On-Peak Coincidence Factor 80% 59.0%  +24.87% 90% 46.7%| +15.259
Summer On-Peak kW HVAC Interactive Effect Factor %8 123.9% +1.65% 909 122.6% +2.88
Winter On-Peak kW HVAC Interactive Effect Factor %80 95.2% +5.41%) 909 94.1% +8.33
kWh Interactive Effect Factor 80% 108.7% +1.69% 90% 106.6% +2.42%
% On-Peak kWh 80% 69.3% +4.42% 909 65.7% +7.78

Lo

Table 31 shows the results of the Refrigerated ElSe Lights. As highlighted below, there were no
large differences between the two analyses. Shise¢echnology is found in grocery and other tetai
stores, hours of use tend to be very predictalolenany cases, these lights are controlled by remot
energy management systems, and do not vary muchghout the year.

Table 31: Comparison of 3 vs. 12 Month Results — Regerated LED Case Lighting

Refrigerated LED Case Lighting

3 Month Analysis

12

Month Analysis

Lo

%)

Confidence Realization | Relative Confidence Realization Relative
Savings Realization Rate/Factor Interval Rate/Factor | Precision Interval Rate/Factor Precision
Annual kWh Realization Rate 90% 97.30 +8.72% 90% 5%7 +8.80%
Connected kW Realization Rate 80Pb 100.7% +0.67% 90% 100.7% +0.87%)
Summer On-Peak Coincidence Factor 80% 99/5% +0.28% 90% 99.4% +0.46%
Winter On-Peak Coincidence Factor 80% 99.5% +0.34% 90% 99.5% +0.45%
Summer On-Peak kW HVAC Interactive Effect Factor %8 105.8% +0.84% 909 105.8% +1.06
Winter On-Peak kW HVAC Interactive Effect Factor %80 105.8% +0.84% 909 105.8% +1.06]
kWh Interactive Effect Factor 80% 103.7% +1.96% 90% 103.7% +2.61%)|
% On-Peak kWh 80% 60.3% +2.96% 909 63.5% +3.88]

Lo

6.

Conclusions and Recommendations

Overall, Massachusetts’ Prescriptive Lighting pergs are performing quite well. With the exceptidn
lighting controls, each of the other three lightmgasures is producing more savings than expected.
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In the case of lighting systems, energy realizatiias are somewhat higher than previous lightimggaict
evaluations, which are typically in the 100 to 116#%6ge. There could be several reasons for this
increase in lighting savings. First, the mix ofithing and fixture type could have an effect on the
increased hours of use, which drive the highemgmvi We found several manufacturing facilitiedhwit
high hours of operation relative to tracking estiesa It is also possible that the economy coulagtha
played a role in under predicting the hours ofins2010 when these projects were installed.

Lighting controls under performed with a realizatiate of 74% on energy savings. The lower
realization rate is somewhat consistent with amggeompleted small business lighting controls aoip
evaluatiori, which resulted in a 43% realization rate.

The following are some conclusions and recommeaondatior all measures, and some specific to each
measure analyzed.

6.1 All Prescriptive Lighting Measures

Evaluation Monitoring. This study produced and compared results of maong periods of
three months and 12 months in length. The threstimmetering study was more typical of a
lighting impact evaluation, while the 12 month stugas more comprehensive and costly. In
consideration of study costs of performing 12 mer@hmetering, the two analyses were
compared. In general, the typical, three montbystlid a good job of estimating annual energy
savings using shorter term monitoring. There veases such as schools and offices in which it
proved to be more difficult to estimate summer asagjng only three months of winter data.
Additionally, it was difficult to estimate summaenincidence factors for schools since these
facilities tend to be closed, or have inconsistesaige in the summer. The three month period
that was most representative of the entire yearbe@bgeen September and November. However,
all combinations of three month monitoring periadse within 5% of the annual savings when
annualized. Therefore, it is recommended thaPihe consider monitoring for a minimum of
three months. Also consider including a wintesemmer month in that period if possible.

HVAC Interactive Effects. This study produced realization rates for energy @mand

savings with HVAC interactive effects. Additionglthis report provides individual realization
rates and savings factors that are multiplica@éwel can be used to estimate savings going
forward. However, caution is advised when applyimggse realization rates and savings factors
so that savings involving HVAC interactive effeat® not duplicated. It was found that some
PAs are including HVAC interactive effects in soligiting systems projects, but the majority of

" Small Business Direct Install Program: Pre/Poghting Occupancy Sensor Study, Prepared by: ThenGad
Group and Energy & Resource Solutions, Inc., Oat@3e 2012
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6.2

6.3

projects did not. If HVAC savings are being clath@s part of the gross tracking savings, the
PAs should apply the Annual kWh Realization Radherwise, the Annual kwh with HVAC
Realization Rate should be applied. Likewise Sbenmer and Winter HVAC Interactive Effect
Factors and the kWh HVAC Interactive Effect Facoould only be applied if HVAC savings
are not being claimed as part of the tracking ggzin

Lighting Systems

Update the TRM. The current TRMincludes realization rates and savings factorsate

specific to individual PAs. This impact evaluatias designed to produce statewide results for
prescriptive lighting savings. This study producesults for energy and demand realization
rates, and summer and winter coincidence factatshifid relative precisions at or better than +/-
10%. Itis recommended that the Lighting Systeompmonent of the TRM be updated to reflect
these new results, which are mostly based on 12hwaai metering.

Lighting Hours of Use. The primary reason for the increase in savings tva underestimated
annual operating hours. On average, lighting hotitsse were found to be approximately 12%
greater than predicted in the tracking savingghting operation is the most difficult parameter
to predict when developing lighting savings. Thadgachusetts PAs typically base this
parameter on building specific data rather tharented value. Usually, this estimate is based on
a facilities actual operating hours. Howeversilikely that some lighting within a facility
operates longer than the general business hotisrecommended that the PAs continue to use
site specific data when estimating lighting hoursise. Also consider additional operation that
may not be captured in the typical business haursgaces such as stairwells, corridors and
large open areas that may not go dark until thepkason leaves for the day. Also be sure to
consider potential day lighting effects, which abliimit the hours of operation

Lighting Controls

Consider a Pre/Post Lighting Controls StudyA concurrent study is being done to examine the
Massachusetts market for lighting controls. Irergg/ears, the MA PAs have seen a decrease in
lighting controls installations. This market studyexpected to be completed in the summer of
2013, and will provide much needed information loa $tatus of lighting controls in MA. Since
lighting controls savings are completely dependena change in operation, the best way to
evaluate them would be to perform pre-installatisetering. Depending on the outcome of the

8 Massachusetts Technical Reference Manual, Three-®lan 2013-2015, October 31, 2012
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6.4

current lighting controls market study, it may beeaommended that a pre/post metering lighting
controls study be conducted in the future.

Consider Pre-Installation Monitoring. Occupancy sensors represent the largest compohent
lighting controls program savings in MA. Savings these measures are driven by the vendor or
TA estimate of hours reduced. In most casesyilige is based on the difference between site
specific estimates for baseline or pre-existing éedproposed hours of use. As found in this
study, as well as previous lighting controls stadteacking estimates of hours reduced are
generally overestimated. It tends to be moreadliffito estimate hours reduced than hours of use,
which is why lighting systems savings are morelstaffo help implementation vendors and TAs
produce more reliable estimates of hours redutésirecommended that the PAs consider
requiring pre-installation metering to establisheastimate of baseline hours. This could be done
as part of the vendors’ walkthrough of a facilititen trying to determine where lighting controls
will be installed. A minimum of two weeks of datauld be ideal for this type of effort. Itis

likely that this strategy would help improve lighdi controls savings estimates going forward.

Update the TRM. The current TRM includes realization rates anahcidience factors that are
specific to individual PAs. This impact evaluatiwas designed to produce statewide results for
prescriptive lighting savings. However, this stihd relatively poor precisions for energy and
demand savings and savings factors due to thevaigability (error ratio of 0.6) between
tracking and evaluation estimates. Until a newgast lighting controls impact evaluation is
done, it is recommended that the lighting contcolsiponent of the TRM be updated to reflect
these new results, which are based on 12 montbsstfinstallation only metering. Although the
relative precision of these results are poor, tethodology is similar to previous lighting
controls impact evaluations, which makes thesdtsegist as reliable as previous studies.

Advanced Lighting Design

Collect Final Lighting As-Builts. Annual energy savings were significantly highweart tracking
savings for this group. The primary reason waggel increase in annual hours. However, there
was about a 5% increase in connected kW savingsodoger connected wattage in the as-built
condition as compared to the proposed conditianceSthe baseline for these types of new
construction lighting project remain fixed relatitwethe square footage, savings can swing
significantly with any changes to the proposed @i It is recommended that for all
Advanced Lighting Design projects, the PAs try etlact the final lighting as-built, which would
be used to adjust the proposed connected kW savings
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Update the TRM. The current TRM includes realization rates and @dience factors that are
specific to individual PAs. This impact evaluatias designed to produce statewide results for
prescriptive lighting savings. This study producesults for energy realization rates that had
relative precisions at or better than +/-11%. Hesvethe realization rates for summer and winter
demand savings and the savings factors were nigt gsiigood. It is recommended that the PAs
and EEAC consider updating the TRM using theseza#abn rates and savings factors.

Refrigerated LED Case Lighting

Update the TRM. The 2013-15 TRM currently includes interactiviigeration savings as part
of the savings algorithm. The refrigeration sys#ffitiency used in this version of the TRM is
1.6 kW/Ton. This evaluation found that the majodt the LED lights were being installed in
freezer cases, which indicates that a higher valugefrigeration system efficiency be used.
This report recommends that the TRM be updatedilineua refrigeration system efficiency of
1.9 kW/Ton. This value is based on a larger pribporof lower temperature freezer cases than
cooler cases found in these applications. Pleatgethat the refrigeration interactive factor
developed for this study is based on the trackssyimption of 1.3 kW/ton. This means that if
the TRM is updated to reflect the 1.9 kW/ton recanduation, the refrigeration interactive factor
would no longer be applied.

Consider Lighting Controls. Lighting controls on freezer and cooler casesvseen in one or
two custom lighting applications as part of the &mipEvaluation of 2010 Custom Lighting
Installations in Massachusetts, completed in M&@t.22 This appears to be a good application
for lighting controls, and an opportunity for deepavings when the reduction in refrigeration
energy is considered. It is recommended thatl ifutire freezer/cooler case LED lighting
applications, lighting controls be considered.

KEMA, Inc. 6-47 June 21, 2013



DNV KEMA Energy & Sustainability

A. Description of Results and Factors

This section presents a listing of realization &atd savings factors that were produced as panisof
study. Each entry contains a description of thairgys variable.

A.l Realization Rates

Annual KWh — This result is the gross annual kWh realizatage including additional savings due to
HVAC interactive effects. This realization ratehe evaluation gross annual kWh savings dividethby
tracking gross annual kwWh savings.

Connected KW - This result is the gross connected kW realipatite, which includes any
documentation, quantity, and technology adjustmeitss realization rate is the evaluation gross
connected kW savings divided by the tracking gams®ected kW savings.

Connected kWh— This result is the gross connected kWh reabtizatate, which includes only the
documentation, quantity, and technology adjustmeftss realization rate is the evaluation gross
connected kWh savings divided by the tracking goassected kWh savings.

Hours of Use— This result is the hours of use realization,rat@ch represents the evaluation estimate of
hours of use divided by the tracking estimate afre®f use.

A.2 Savings Factors

Summer Coincidence Factor

On Peak Hours— Diversity x Coincidence. This is the percentafthe connected kW savings
coincident with the summer on-peak period.

Seasonal Hours- Diversity x Coincidence. This is the percentafjthe connected kW savings
coincident with the summer seasonal peak period.

Winter Coincidence Factor

On Peak Hours— Diversity x Coincidence. This is the percentafjthe connected kW savings
coincident with the winter on-peak period.

Seasonal Hours- Diversity x Coincidence. This is the percentafithe connected kW savings
coincident with the winter seasonal peak period.

Summer kW HVAC Interactive Effect
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On Peak Hours— This is the percentage of gross connected kWhgsithat are due to interactive effects
during the summer on-peak period.

Seasonal Hours- This is the percentage of gross connected kWiga¥hat are due to interactive effects
during the summer seasonal peak period.

Winter kW HVAC Interactive Effect

On Peak Hours— This is the percentage of gross connected kWhgsithat are due to interactive effects
during the winter on-peak period.

Seasonal Hours- This is the percentage of gross connected kWigathat are due to interactive effects
during the winter seasonal peak period.

KWh HVAC Interactive Effect — This is the percentage of the gross kWh savimgisare due to
interactive effects.

% On Peak KWh — This is the percentage of energy savings thairaguring on-peak hours.
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Table 32: Summary of Results and Factors

Tracking System Values

Eva

luation Values

(a) Annual kWh () | Annual kWh

(b) kwh HVAC Factor (k) | kWh HVAC Factor

(c) On-Peak % Annual kWh (] On-Peak % Annual kWh

(d) Connected kW (miConnected kW

(e) Summer kW Coincidence Factor (n) Summer kW €idence Factor
(H) Summer kW HVAC Factor (o) Summer kW HVAC Factor
(9) Winter kW Coincidence Factor (R) Winter kW Caittence Factor
(h) Winter kW HVAC Factor (q)| Winter kW HVAC Factor

(i) Average Hours of Use (n| Average Hours of Use

Realization Rates

(s) Annual kWh

(t) Connected kW
(u) Connected kWh
(v) Hours of Use

Savings Algorithms

Evaluated Annual kWh Savings (@) x (s) or (a) x (u) x (v) x (k)
Evaluated Connected kW (d) x (1)

Evaluated Summer Peak kW Reduction (d) x (t) x(9)

Evaluated Winter Peak kW Reduction (d) x (t) xxXp(ny)
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B. Calculation Methods

This section serves as a detailed example thatridites the calculation of all savings and adjustme
factors. DNV KEMA modified a single line item froome of the actual customers involved in the
evaluation to serve as an example of the calcuatiethods. Table 33 presents a summary of alhgavi

parameters for this particular example.

Table 33: Calculation Example Result Summary

Differen Differen
ce Connected ce

Parameter % %

Gross (TRACKING) kWh/Connected kW Savings 3,690 N/A 0.74 N/A
Adjustment - Documentation Change 0 D% 0.00 0%
Adjustment - Technology Change 0 0% 0|00 0%
Adjustment - Quantity Change -410 -11% -0/08 1%
Adjustment - Operation Change 543 15% N/A N/A

Non-Interactive Savings 3,823 104% 0.66 89%
Adjustment - Cooling Interaction 31 9%

Adjusted Gross (ONSITE) Savings 4,186 112%

On-Peak
Summer

Differen
ce

On-Peak
Winter

Differen
ce

Parameter kw % kw %

Connected Demand Savings 0.66 N/A 0.66 N/A
Adjustment - On-Peak Coincidence -0.12 -18% 0.0Q 09

Non-Interactive Savings 0.54 82% 0.64 1009

On-Peak

Summer

Differen
ce

On-Peak
Winter

Differen
ce

Parameter kw % kw %

Non-Interactive Savings 0.54 N/A 0.66 N/A
Adjustment - HVAC Interaction 0.14 27% 0.0Q 09

Adjusted Gross (ONSITE)

Savings 0.68 127% 0.66 1009

Table 34 presents the pre-retrofit condition fas gpace as outlined in the application documeoriati
The pre-retrofit condition included (18) 2F40SS8uies rated at 94 watts each. The applicatiom als

assumed 5,000 annual operating hours.

Table 34: Tracking Pre-Retrofit Condition

Lighting

Fixture

Qty Code
18 | 2F40SSS

Fixture Type
2L4' STD/STD

Fixture Description
Four Foot T12 Systems

W/Fixt

Hours of

Operation

per Year
006
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Table 35represents the proposed condition according tardloking system. In this case, the pre-retrofit
fixtures were to be replaced with (18) 2F32EEELUigs rated at 53 watts each. The hours of operatio
the proposed condition were also 5,000 annual ¢ipgraours.

Table 35: Tracking Proposed Condition

Lighting Hours of

Fixture Operation
Qty Code Fixture Description Fixture Type W/Fixt  per Year

18 | 2F32EEE 2L4' TBEE/ELEE Four Foot T8 HP/RW Syste 53 5,000

The first step of the savings analysis was to aerthe savings calculations based upon project
documentation. This was done to isolate any dootamien adjustments.

Documentation Adjustments

Documentation adjustments reflect any change imgavdue to discrepancies in project documentation.
Evaluators recalculated the tracking estimatesahgs using all quantities, fixture types/wattggexd
hours documented in the project file. All tracksygstem discrepancies and documentation errors are
reflected in this adjustment. The documentatigonsithents are calculated according to the following
formulae:

DOC KWH ADJ = Recreated Tracking kwWh Savings — Kiiag kWh Savings = 3,690 - 3,690 = 0 kWh

DOC KW ADJ = Recreated Tracking kW Savings — TragkkW Savings = 0.74 — 0.74 = 0 kW
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Hours of Use and Coincidence

The first on-site task was establishing the custtsiliday and vacation/shutdown schedule. T&ble
shows the input for the site holiday analysis hiis particular case, the site contact informed the
evaluating engineer that the facility was closedriu6 major holidays. He also stated that thelifgci
does not have any long shutdowns.

Table 36: Input for Site Specific Holidays

Site

Observed

Holiday Date Holidays
New Year's Day 1/1/2012 Y
Martin Luther King Day| 1/16/2012 N
Presidents Day 2/20/2012 N
Good Friday 4/6/2012 N
Memorial Day 5/28/2012 Y
Independence Day 7/4/2012 Y
Labor Day 9/3/2012 Y
Columbus Day 10/8/2012 N
Veteran's Day 11/11/2012 N
Thanksgiving Day 11/22/2012 Y
Day After Thanksgiving| 11/23/2012 N
Christmas Eve 12/24/2012 N
Christmas Day 12/25/2012 Y

To determine the annual operating hours from manigdighting logger data, engineers examine the
hourly percent run time across the entire monitppariod. For this study, lighting logger data was

adjusted for the daylight savings time change dlsatirred within the monitoring period.
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For the three month logger data analysis, an 8x@Hlg (Monday through Friday plus Holiday by hour-
of-day) is generated using a computer programppesent the average percentage of time that thedix
operated during the monitoring study. Table 3&@n¢s the profile of the logger used for this exiamp

Table 37: Logger Profile Summary
Hour Ending  Sun Mon Tue Wed Thu  Fri SE Hol\

1)334] 36.00 485 454 455 527 448 5.3
21339 36.0 418 470 414 493 458 5p.9
31320 36.00 495 386 418 389 405 50.0
41320, 363 411 356 353 371 365 50.0
5|571] 394 39.7 36.2 335 374 494 5D.0
6338 56.7 541 528 836 497 3%3 500
71336] 753 891 668 943 659 386 500
81350 98.7 998 995 99/0 988 46.9 51.7
9] 36.6|] 100.0 100.0 999 1000 100.0 51.1 56.8
10| 37.9] 100.0 100.0 1000 100.0 100.0 58.2 5%0.0
11| 34.7] 100.0 100.0 100J0 99.8 100.0 5.8 350.0
12| 36.6] 99. 100.0 1000 999 100.0 5B.3 50.0
13| 35.7| 98.4 100.0 1000 995 100.0 44.7 850.0
14| 34.6] 99.1 100.0 1000 988 99.9 4.7 §0.0
15| 33.5| 100.0 100.0 100J0 100.0 100.0 47.8 5%0.0
16| 36.6] 941 916 94D 91]9 190.2 426 5p.0
171 342 717 66.2 642 655 610 418 50p.0
18| 36.1| 80.6 83.8 83 80j1 833 36.8 50p.0
19| 37.2] 944 952 955 95]1 948 3%3 50.0
20 33.7] 947 889 92Pp 93|/6 966 345 50.0
211320/ 983 96.2 94H 965 965 36.9 50.0
221331 956 91.% 884 86|]9 73.0 34.8 50p.0
23| 322 765 706 67 60/7 653 34.0 5p.0
241 32.7] 512 484 461 46]2 549 422 50.0

For the 12 month logger data analysis, the actd@®Bhourly percentage of time that the fixtureraged
during the monitoring study was used directly. sTémalysis concluded that this fixture operate25,8
hours per year, of which 67% of these operating$ioacur coincide with the defined on-peak period
definition. The on-peak summer and winter coincefactors are 82% and 100%, respectively.

Non-Interactive On-Site Savings

Table 38 represents the on-site installed condamfound the evaluation team. For this exampke, t
evaluator identified (16) 2F32EEE fixtures, whichsswo fewer fixtures than in the project
documentation. A schedule identification numbdr {h this example) maps the hours of operation and
the summer and winter coincidences into this sizieaet.
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Table 38: On-Site Installed Condition

Lighting Hours of On-Peak On-Peak

Fixture Fixture Schedule | Operation Summer Winter
Qty Code Description Fixture Type W/Fixt Number | per Year Coincidence Coincidence

16 2F32EEE | 21L4' TS8EE/ELEE  Four Foot T8 HP/RW Systgm 53 1 5,827 82% 100%

The on-site pre-retrofit condition, presented ibl€aB9, was established through review of project
documents, discussion with facility personnel, abhdervational inference. This lighting fixture s&s
analysis presumes that the operating hours didhanige between the pre- and post-retrofit condition

Table 39: On-Site Pre-Retrofit Condition

Lighting Hours of

Fixture Operation
Code Fixture Description Fixture Type W/Fixt per Year

16 | 2F40SSS 214’ STD/STD Four Foot T12 Systems 94 825,

Table 40 presents the adjusted gross on-site safanghis example.

Table 40: Adjusted Gross On-Site Savings
kw kw

kw Summer Winter kWh
Savings Savings Savings Savings
0.656 0.536 0.656 3,823

Heating and Cooling Interaction

Heating and cooling interaction was calculatedsach line item where applicable based on the specif
HVAC systems serving the space. When lighting egeipt converts electrical energy to light, a
significant amount of that energy is dissipatethimform of heat. Energy efficient lighting meassr
convert more electrical energy to light and leskeat. Since installing energy efficient lightiadds less
heat to a given space, a complete estimation ofgrsavings considers the associated impacts on the
heating and cooling systems or “interactive effécts

The interactive effects take into account the ¢fédé¢he energy efficient lighting measures ontthei
corresponding heating and cooling systems. Eneiffigient lighting serves to reduce the heat gaia t
given space and accordingly reduces the load oimgoequipment. But this reduced heat gain has the
added consequence of increasing the load on thmbegstem.

As part of the on-site methodology, evaluatorsringaved facility personnel to ascertain the coolamgl
heating fuel, system type, and other informatiothwihich to approximate the efficiency of the HVAC
equipment serving the space of each lighting itetah. The DNV KEMA team expresses HVAC
system efficiency in dimensionless units of Coéint of Performance (COP), which reflects the rafio
work performed by the system to the work inputhaf $ystem. Table 41 details the COP assumptiaons fo
general heating and cooling equipment types eneoerttin this study. Where site specific informatio
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yields improved estimates of system efficiencystherere used in place of the general assumptions

below.

Table 41: General Heating and Cooling COP Assumptits

Cooling System Type COP Heating System Type COP
Packaged DX 2.9 Air to Air Heat Pump 1.5
Window DX 2.7 Electric Resistance 1
Chiller <200 Ton 4.7 Water to Air Heat Pump 2.8
Chiller >200 Ton 5.5

Air to Air Heat Pump 3.9

Water to Air Heat Pump 4.4

Refrigerated Area (high temp) 1.4

Refrigerated Cases (low temp) 1.9

Interactive effects are calculated only at siteengtheating or cooling systems are in use. Lewegabe
8,760 profile of hourly demand impacts, the DNV KENeam computes electric interactive effects
during the hours that lighting and HVAC are assumaegperate in unison.

DNV KEMA utilizes Typical Meteorological Year 3 (T¥B) hourly dry-bulb temperatures for
Worcester, Massachusetts as the balance pointi@rethis analysis. For each hour in a typicaahry
DNV KEMA computes HVAC interaction according to tfdlowing equations:

Cooling kW Effects = 80% * Lighting kW Savings / @ing System COP
Heating kW Effects = -80% * Lighting kW Savings é&ting System COP

The 80% values represent the assumed percentdige laghting energy that translates to heat which
either must be removed from the space by the aiditioning system or added to the space by thareat
system during the aforementioned HVAC hours. Blsisumption is consistent with those established and
employed in previous impact evaluations of custigiting measures. Also, heating factors are negati
because heating interaction erodes gross lightmimgs, while cooling interactive boosts it.
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C. Site Level Results

C.1 Lighting Systems

Table 42: Lighting Systems Tracking Estimates

Lighting Systems Tracking
@ (b) (©) (d) (e) ® (@) ()] (0)
On-Peak Summer Winter
kWh % Summer kW kW Winter kW kw Average
Application Annual HVAC Annual Connected Coincidence HVAC Coincidence HVAC Hours of
ID Facility Type kWh Factor kWh kw Factor Factor Factor Factor Use
46 544262 Library 13,593 N/A N/A 5.27 N/A N/A N/A N/A 2,581
47 546599 Other 20,286 N/A N/A 5.15 N/A N/A N/A N/A 3,937
48 592612 Retail 21,109 N/A N/A 7.72 N/A N/A N/A IN 2,736
49 544258 Police/Fire Station 20,795 N/A N/A 8.32 N/A N/A N/A N/A 2,500
51 581137 Office 7,175 N/A N/A 1.44 N/A N/A N/A N/ 5,000
52 621570 School/University 49,413 N/A N/A 17.81 /AN N/A N/A N/A 2,774
54 722811 Dormitory 76,952 N/A N/A 18.39 N/A N/A /N N/A 4,184
55 660907 Office 115,333 N/A N/A 22.53 N/A N/A N/A N/A 5,119
56 546524 School/University 103,287 N/A N/A 57.38 N/A N/A N/A N/A 1,800
57 632684 Motion Picture Theatre 150,27p N/A N/A 9.3 N/A N/A N/A N/A 5,127
58 547042 Office 168,622 N/A N/A 70.16 N/A N/A N/A N/A 2,403
59 650917 Manufacturing Facility 98,837 N/A N/A .08 N/A N/A N/A N/A 5,484
60 621718 Other 161,148 N/A N/A 26.01 N/A N/A N/A /AN 6,195
61 576653 Manufacturing Facility 203,114 N/A N/A 3.29 N/A N/A N/A N/A 8,759
62 651249 Retail 233,568 N/A N/A 38.93 N/A N/A N/A N/A 6,000
63 658493 Manufacturing Facility 219,304 N/A N/A 3.60 N/A N/A N/A N/A 3,475
64 581008 Manufacturing Facility 132,726 N/A N/A 7.30 N/A N/A N/A N/A 7,584
65 694532 Office 213,150 N/A N/A 67.58 N/A N/A N/A N/A 3,154
66 591585 School/University 187,569 N/A N/A 60.80 N/A N/A N/A N/A 3,085
67 544486 Manufacturing Facility 176,410 N/A N/A 3.64 N/A N/A N/A N/A 2,798
68 606427 Warehouse 144,855 N/A N/A 16.54 N/A N/A N/A N/A 8,760
69 621710 Other 385,564 N/A N/A 84.94 N/A N/A N/A IAN 4,539
70 565829 Other 358,722 N/A N/A 40.95 N/A N/A N/A IAN 8,760
71 544468 Hospital 557,341 N/A N/A 108.89 N/A N/A N/A N/A 5,118
72 573018 Retail 383,028 N/A N/A 63.84 N/A N/A N/A N/A 6,000
73 573019 Retail 414,720 N/A N/A 69.12 N/A N/A N/A N/A 6,000
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Lighting Systems

Application
ID Facility Type

@)

Annual
kWh

(b)

kWh
HVAC
Factor

Tracking
©) (©) ©) )

On-Peak Summer
% Summer kW kW
Annual Connected Coincidence HVAC
kWh kw Factor Factor

()

Winter kW
Coincidence

Factor

(0)
Winter
kw Average

HVAC Hours of
Factor Use

86 BS8890 Exercise Center 54,117 N/A N/A 9.34 N/A N/A N/A N/A 5,797
87 BS8725 Other 71,289 N/A N/A 12.01 N/A N/A N/A A/ 5,935
88 BS8762 Office 65,336 N/A N/A 15.46 N/A N/A N/A N/A 4,225
89 BS8609 Exercise Center 151,65p N/A N/A 25.24 AN/ N/A N/A N/A 6,009
107 644669 School/University 104,854 N/A N/A 39.15 N/A N/A N/A N/A 2,679
91 BS8667 Retail 143,693 N/A N/A 28.18 N/A N/A N/A N/A 5,100
92 BS9087 Manufacturing Facility 225,397 N/A N/A 6.96 N/A N/A N/A N/A 4,800
105 WM10L255 Library 16,111 N/A N/A 7.26 N/A N/A /N N/A 2,220
KEMA, Inc. C-11
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Table 43: Lighting Systems Evaluation Estimates

Lighting Systems Evaluation

U] (m) (W) ©) (9) () ()

On- Summer Summer Winter
Peak % kw kw Winter kW kW Average
Application Annual Connected Coincidence HVAC Coincidence HVAC Hours of
ID Facility Type kWh kw Factor Factor Factor Factor Use

46 544262 Library 4,210 108% 88% 5.50 27% 117% 10% 100% 712

47 546599 Other 9,894 100% 51% 4.42 25% 100% 51% 100% 2,238
48 592612 Retail 18,452 107% 79% 7.82 55% 117% 38% 100% 2,202
49 544258 Police/Fire Station 17,735 102% 69% 8.32 47% 108% 24% 100% 2,084
51 581137 Office 5,370 100% 75% 1.03 93% 100% 97% 100% 5,239
52 621570 School/University 61,018 100% 78% 17.81 47% 100% 56% 100% 3,426
54 722811 Dormitory 124,514 101% 48% 17.95 81% 104% 69% 100% 6,839
55 660907 Office 88,667 106% 92% 22.53 94% 114% 87% 100% 3,706
56 546524 School/University 104,747 109% 97% 57.38 24% 126% 19% 100% 1,675
57 632684 Motion Picture Theatre 262,904 111% 47% 29.05 92% 127% 92% 100% 8,175
58 547042 Office 209,674 107% 76% 70.52 43% 126% 53% 100% 2,769
59 650917 Manufacturing Facility 109,978 104% 50% 17.48 71% 114% 78% 100% 6,046
60 621718 Other 186,019 100% 50% 26.01 92% 100% 100% 100% 7,151
61 576653 Manufacturing Facility 165,896 108% 57% 23.19 88% 127% 84% 100% 6,641
62 651249 Retail 256,051 111% 62% 38.93 100% 127% 100% 100% 5,915
63 658493 Manufacturing Facility 288,028 100% 70% 63.08 85% 101% 49% 100% 4,555
64 581008 Manufacturing Facility 118,982 100% 58% 17.50 96% 100% 95% 100% 6,798
65 694532 Office 196,339 104% 75% 55.71 84% 110% 40% 100% 3,396
66 591585 School/University 178,870 109% 74% 60.75 48% 127% 51% 100% 2,689
67 544486 Manufacturing Facility 385,822 100% 69% 73.76 97% 100% 88% 100% 5,230
68 606427 Warehouse 155,936 108% 48% 16.54 100% 127% 100% 100% 8,760
69 621710 Other 369,097 104% 58% 84.81 69% 114% 55% 100% 4,174
70 565829 Other 334,668 100% 47% 38.23 99% 100% 100% 100% 8,755
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Lighting Systems Evaluation
(K 0] (m) (n) ©) () (n)
On- Summer Summer Winter
kWh Peak % kw kw Winter kW kW Average
Application HVAC Annual Connected Coincidence HVAC Coincidence HVAC Hours of
ID Facility Type Factor kwWh kW Factor Factor Factor Factor Use
71 544468 Hospital 574,037 106% 59% 109.10 83% 114% 65% 100% 4,970
72 573018 Retail 430,904 111% 61% 63.84 100% 127% 100% 100% 6,069
73 573019 Retail 460,369 111% 62% 69.12 100% 127% 100% 100% 5,997
86 BS8890 Exercise Center 63,318 110% 64% 9.34 99% 123% 99% 100% 6,168
87 BS8725 Other 115,770 98% 65% 18.95 100% 100% 99% 95% 6,216
88 BS8762 Office 53,182 106% 79% 13.63 89% 114% 71% 100% 3,683
89 BS8609 Exercise Center 191,941 110% 51% 24.83 83% 127% 97% 100% 7,039
107 644669 School/University 140,953 100% 63% 39.53 38% 100% 50% 100% 3,566
91 BS8667 Retail 192,446 111% 54% 24.15 100% 127% 100% 100% 7,179
92 BS9087 Manufacturing Facility 257,373 106% 68% 46.28 96% 114% 91% 100% 5,252
105 WM10L255 | Library 26,390 111% 86% 7.26 90% 127% 67% 100% 3,268
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Table 44: Lighting Systems Realization Rates and Hnary Reasons for Discrepancies

Lighting Systems Realization Rates

(s) (® (w) (€19)

Annual kWh  Annual kWh Average
Application (Excluding (Including Connected Hours of
KEMA ID ID HVAC) HVAC) Use Primary Reasons for Discrepancies
46 544262 29% 31% 104% 28% Evaluated hours of 8%edf tracking estimates.
Hours of use 57% of tracking estimates. Identi{@t) 3F32T8 fixtures instead of
47 546599 49% 49% 86% 57% | 2F32T8 fixtures in one area.
48 592612 82% 87% 101% 80% Reduction in averageshawse.
49 544258 83% 85% 100% 83% Hours of use 83% ofitigestimate.
51 581137 75% 75% 71% 105% Reduction due to gqyametituction and small increase in operation.
52 621570 123% 123% 100% 123% Evaluated hourseo8% higher than estimated in the tracking assiomgpt
54 722811 159% 162% 98% 163% Logged Hours wereehitfian tracking.
55 660907 72% 77% 100% 72% Hours of use 72% ofittgestimates.
56 546524 93% 101% 100% 93% Addition of HVAC intitiee effects increased savings estimates.
57 632684 158% 175% 99% 159% Increase in annuaslwbwse.
58 547042 116% 124% 101% 115% Evaluated annuaktafwrse 15% higher than tracking estimates.
59 650917 107% 111% 97% 110% Logged Hours of Ubiglser than tracking estimates.
60 621718 115% 115% 100% 115% Logged Hours of §/e@her than predicted.
61 576653 76% 82% 100% 76% Evaluated annual hdwseo76% of tracking estimates.
62 651249 99% 110% 100% 99% HVAC Interaction (1h&sease)
63 658493 131% 131% 100% 131% Hours of operatia Biher than tracking estimates.
64 581008 90% 90% 100% 90% Hours of use less tretigbed in the tracking estimate.
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Lighting Systems Realization Rates

(s) ® (W) (ab)

Annual kWh  Annual kWh Average
Application (Excluding (Including Connected Hours of
KEMA ID ID HVAC) HVAC) kw Use Primary Reasons for Discrepancies

Tracking system assumed that 139 of the replacéatdis were 4LT8 when they were
actually 2LT8. Logger hours were approximately 8ghkr on average than was
assumed in the tracking system. Tracking assun&BaEEE fixture type for the
warehouse for lighting reduction, but used a 6F3288ure type for controls savings.
65 694532 89% 92% 82% 108% | Actual fixture installed was a 6F32SSH, which resiin a 7% documentation change.

66 591585 87% 95% 100% 87% HVAC interaction (8%pbimed with decrease in annual hours of operatibBlf)

Logged hours of use almost twice as much as estmatthe tracking savings.

67 544486 219% 219% 117% 187% | Additional increase in savings due to increaséxiuife quantity.

68 606427 100% 108% 100% 100% HVAC interactiongased savings by 8%.

69 621710 92% 96% 100% 92% Combination of operdt@¥b) and HVAC interaction (4%)

70 565829 93% 93% 93% 100% Incorrect fixture typediin the tracking savings estimates.

71 544468 97% 103% 100% 97% Reduced hours of fiset by increase due to HVAC interaction.

72 573018 101% 112% 100% 101% HVAC interactioneased savings by 11%.

73 573019 100% 111% 100% 100% HVAC Interaction (idétease)

86 BS8890 106% 117% 100% 106% Increased saving®dd€AC interactive effects.

87 BS8725 165% 162% 158% 105% Savings increasetbadudiffering fixture types between the trackargl evaluation.
88 BS8762 7% 81% 88% 87% Annual hours of use appetely 13% lower than proposed on average.

89 BS8609 115% 127% 98% 117% Combination of HVArkction (10% increase) and Annual hours (17%eame).
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Lighting Systems

KEMA ID

Application
1D

(s)

Annual kWh

(Excluding
HVAC)

Realization Rates

®

Annual kWh

(Including
HVAC)

(W)

Connected
kw

(ab)

Average
Hours of
Use

Primary Reasons for Discrepancies

107 644669 134% 134% 101% 133% Annual hours ohigdeer than tracking estimate.
All 805 program fixtures were found to be 52W 2L8'While the tracking system
assumed they were 47W. Logged HOU were 42% hitljfaer assumed in the tracking
91 BS8667 121% 134% 86% 141% | system.
Hours of use higher than tracking estimates. Aol savings due to HVAC
92 BS9087 108% 114% 99% 109% | interaction.
Annual hours of use higher than proposed. HVA@rautive savings included in
105 WM10L255 147% 164% 100% 147% | evaluation.
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C.2 Lighting Controls

Table 45: Lighting Controls Tracking Estimates

Lighting Controls Tracking
(b) (©) (d) (e) ® ()] (h) (0]
On-Peak Summer Winter Average
kwh % Summer kW kW Winter kW kw Reduction
Application HVAC Annual Connected  Coincidence HVAC Coincidence HVAC in Hours
ID Facility Type Factor kWh kW Factor Factor Factor Factor of Use
47 546599 Other 7,632 N/A N/A 4.35 N/A N/A N/A N/A 1,756
48 592612 Retail 960 N/A N/A 0.48 N/A N/A N/A N/A 2,001
49 544258 Police/Fire Station 494 N/A N/A 0.66 N/A N/A N/A N/A 750
111 594528 Other 5,803 N/A N/A 1.86 N/A N/A N/A N/A 3,120
52 621570 School/University 26,782 N/A N/A 21.54 /AN N/A N/A N/A 1,244
54 722811 Dormitory 9,191 N/A N/A 9.30 N/A N/A N/A N/A 988
55 660907 Office N/A N/A N/A N/A N/A N/A N/A N/A MA
56 546524 School/University 13,223 N/A N/A 24.49 /AN N/A N/A N/A 540
58 547042 Office 17,002 N/A N/A 19.85 N/A N/A N/A N/A 856
Manufacturing
59 650917 Facility 22,608 N/A N/A 14.21 N/A N/A N/A N/A 1,58
Manufacturing
61 576653 Facility 32,124 N/A N/A 12.17 N/A N/A N/A N/A 2,60
Manufacturing
63 658493 Facility 71,104 N/A N/A 62.56 N/A N/A N/A N/A 1,18
Manufacturing
64 581008 Facility 93,052 N/A N/A 37.21 N/A N/A N/A N/A 2,50
65 694532 Office 8,794 N/A N/A 18.59 N/A N/A N/A /N 473
66 591585 School/University 19,155 N/A N/A 22.70 /AN N/A N/A N/A 844
Manufacturing
67 544486 Facility 60,354 N/A N/A 58.03 N/A N/A N/A N/A 1,00
68 606427 Warehouse 241,062 N/A N/A 45.86 N/A N/A N/A N/A 5,256
69 621710 Other 20,316 N/A N/A 7.90 N/A N/A N/A N/A 2,572
70 565829 Other 102,242 N/A N/A 17.63 N/A N/A N/A /AN 5,800
71 544468 Hospital 17,001 N/A N/A 10.73 N/A N/A AN/ N/A 1,584
85 BS9009 School/University 108,834 N/A N/A 139.53 N/A N/A N/A N/A 780
86 BS8890 Exercise Center 11,233 N/A N/A 5.65 N/A N/A N/A N/A 1,989
87 BS8725 Other 20,725 N/A N/A 9.97 N/A N/A N/A N/A 2,079
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Lighting Controls

Tracking
(b) (©) (d) (e) ® (C)] (h) 0]
On-Peak Summer Winter Average
kWh % Summer kW kw Winter kW kw Reduction
Application HVAC Annual Connected  Coincidence HVAC Coincidence HVAC in Hours
ID Facility Type Factor kwWh kW Factor Factor Factor Factor of Use
88 BS8762 Office 15,700 N/A N/A 10.07 N/A N/A N/A N/A 1,560
89 BS8609 Exercise Center 6,387 N/A N/A 4.89 N/A /AN N/A N/A 1,307
107 644669 School/University 44,230 N/A N/A 35.50 N/A N/A N/A N/A 1,246
Manufacturing
92 BS9087 Facility 5,221 N/A N/A 3.11 N/A N/A N/A N/A 1,681
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Table 46: Lighting Controls Evaluation Estimates

Lighting Systems Evaluation

(K) U] () (©) (2) )

On- Summer i Average
kWh Peak % Summer kW kw Winter KW Reduction

Application HVAC Annual Connected = Coincidence HVAC Coincidence in Hours of

ID Facility Type Factor kWh kW Factor Factor Factor Factor Use
47 546599 Other 325 100% 56% 244 1% 100% 3% 100% 133
48 592612 Retail 441 107% 81% 0.42 22% 117% 29% 100% 970
49 544258 Police/Fire Station 192 117% 89% 0.63 2% 127% 0% 100% 261
111 594528 Other 236 113% 94% 0.20 41% 127% 17% 100% 1,064
52 621570 School/University 31,534 100% 60% 20.21 26% 100% 28% 100% 1,560
54 722811 Dormitory 11,878 107% 24% 9.14 5% 124% 14% 100% 1,218
56 546524 School/University 5,657 111% 97% 20.01 7% 126% 5% 100% 255
58 547042 Office 3,487 108% 86% 16.18 7% 120% 2% 100% 199
59 650917 Manufacturing Facility| 27,932 104% 48% 15.45 14% 114% 11% 100% 1,742
61 576653 Manufacturing Facility| 29,556 106% 38% 12.17 16% 127% 36% 100% 2,296
63 658493 Manufacturing Facility| 72,464 100% 53% 62.37 13% 101% 10% 100% 1,160
64 581008 Manufacturing Facility| 11,782 100% 51% 37.21 8% 100% 0% 100% 317
65 694532 Office 31,053 100% 82% 18.59 49% 100% 15% 100% 1,670
66 591585 School/University 31,846 109% 7% 21.02 22% 127% 30% 100% 1,396
67 544486 Manufacturing Facility| 75,680 100% 61% 58.03 8% 100% 32% 100% 1,304
68 606427 Warehouse 247,132 106% 27% 45.86 17% 127% 33% 100% 5,080
69 621710 Other 10,686 103% 26% 7.87 -14% 114% 27% 100% 1,323
70 565829 Other 126,157 100% 45% 17.63 78% 100% 88% 100% 7,157
71 544468 Hospital 18,097 105% 92% 10.84 22% 114% 23% 100% 1,583
85 BS9009 School/University 56,534 106% 95% 139.85 12% 114% 6% 100% 380
86 BS8890 Exercise Center 1,365 111% 78% 3.12 8% 125% 7% 100% 395
87 BS8725 Other 26,826 98% 70% 6.05 69% 100% 73% 96% 4,509
88 BS8762 Office 4,837 105% 54% 10.06 6% 113% 4% 100% 459
89 BS8609 Exercise Center 1,909 111% 67% 7.91 4% 127% 3% 100% 217
107 644669 School/University 10,366 100% 97% 32.09 4% 100% 8% 100% 323
92 BS9087 Manufacturing Facility 7,114 104% 50% 6.07 9% 113% 15% 100% 1,130
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Table 47: Lighting Controls Realization Rates and BRmary Reasons for Discrepancies

Lighting Systems Realization Rates

(s) ® (w) (ab)

Annual kWh | Annual kWh Average
(Excluding (Including Connected = Reduction in
KEMA 1D Application ID HVAC) HVAC) kW Hours of Use Primary Reasons for Discrepancies

Combination of fewer controlled fixtures and a loweduction in operating hours|

47 546599 1% 1% 56% 8% due to the controls.
Documentation change due to incorrect fixture q@82SSE). Hours of use

48 592612 43% 46% 88% 48% reduction differences.

49 544258 33% 39% 96% 35% Hours of use reduction 35% of tracking estimate.

Sensors installed on different fixtures than preplosSensors installed on (4)

111 594528 4% 4% 11% 34% fixtures rather than (31) fixtures. Hours of ueduction also less than predicted.
Evaluated hours of use reduction 25% higher theimated in the tracking

52 621570 118% 118% 94% 125% assumptions.

54 722811 121% 129% 98% 123% Logged Hours were higher than sponsor's were aggumi

Documentation adjustment due to incorrect fixtyyetused in tracking analysis
affected connected kW reduction negatively. Hafingse reduction less than

56 546524 39% 43% 82% 47% estimated in the tracking savings.
58 547042 19% 21% 81% 23% Evaluated annual hours of use reduction 23% okimgcestimates.

Hours of use reduction was higher than trackingmedges. Additional savings duge
59 650917 119% 124% 109% 109% to more fixtures with controls.

Hours of use reduction 87% of tracking. HVAC iatetion increased savings by
61 576653 87% 92% 100% 87% 7%.
63 658493 102% 102% 100% 102% Hours of operation reduction 2% greater than traglestimates.

Hours of use reduction approximately 13% of thadprted in the tracking
64 581008 13% 13% 100% 13% estimate.

The actual reduction in hours of use realized Iithting controls was almost 4

65 694532 353% 353% 100% 353% times greater than assumed in the tracking system.
66 591585 153% 166% 93% 165% Greater reduction in hours of use.
67 544486 125% 125% 100% 125% Hours of use reduction 25% higher than estimatetertracking savings.
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Lighting Systems Realization Rates

(s) (®) (W) (ab)

Annual kWh | Annual kWh Average
(Excluding (Including Connected = Reduction in
KEMA ID Application ID HVAC) HVAC) kW Hours of Use Primary Reasons for Discrepancies
68 606427 97% 103% 100% 97% Hours of use reduction 97% of tracking estimate.
69 621710 51% 53% 100% 51% Decrease in the average reduction in hours of use.
70 565829 123% 123% 100% 123% Hours of use reduction greater than estimateddrirtitking estimates.
71 544468 101% 106% 101% 100% No significant adjustments.
85 BS9009 49% 52% 100% 49% Hours of use reduction lower than estimated inttheking savings.

Connected kW approximately half of that estimatethie tracking. Hours of use

86 BS8890 11% 12% 55% 20% reduction was also less than estimated in theitvgck

Average reduction in hours of use more than twhosé estimated in the tracking
87 BS8725 132% 129% 61% 217% savings.

Annual hours of use reduction approximately 71%edpthan proposed on
88 BS8762 29% 31% 100% 29% average.

62% increase in controlled wattage. Partiallyetftsy evaluated annual reduction
in hours, which were 17% of tracking estimates, #% increase due to HVAC

89 BS8609 27% 30% 162% 17% interaction.
107 644669 23% 23% 90% 26% Annual hours of use reduction was less than halfacking estimate.
92 BS9087 131% 136% 195% 67% More fixtures being controlled than proposed.
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C.3 Advanced Lighting Design

Table 48: ALD Tracking Estimates

Advanced Lighting Design Tracking

@) ©) (© ©) ©) ® ) (h) @

On-Peak Summer Winter

kWh % Summer kW kW Winter kW kw Average

Application Annual HVAC Annual Connected  Coincidence HVAC Coincidence HVAC Hours of
ID Facility Type kWh Factor kWh kW Factor Factor Factor Factor Use
74 550483 Healthcare-Clinic 138,184 N/A 89% 40.82 N/A N/A N/A N/A 3,386
112 CS8294A Parking Garage 89,681 N/A N/A 10.24 AN/ N/A N/A N/A 8,758
76 528704 School/University 335,301 N/A 100% 1682.3 N/A N/A N/A N/A 2,202
95 CS8404 Office 675 N/A N/A 0.21 N/A N/A N/A N/A 3,214
96 CS8120 Office 2,502 N/A N/A 0.78 N/A N/A N/A N/ 3,208
97 CS8302 Office 4,154 N/A N/A 1.30 N/A N/A N/A N/ 3,195
98 S8286A School/University 84,002 N/A N/A 23.33 /AN N/A N/A N/A 3,600
99 CS8104 Office 79,238 N/A N/A 24.76 N/A N/A N/A N/A 3,200
100 S8379A Retail 250,593 N/A N/A 53.95 N/A N/A AN/ N/A 4,645
114 CS8296 Retail 71,858 N/A N/A 18.43 N/A N/A N/A N/A 3,900
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Table 49: ALD Evaluation Estimates

Advanced Lighting Design Evaluation

(K [0) (n) (©) (9)

On- Winter
kWh Peak % Summer kW Summer Winter kW kw Average

Application HVAC Annual Connected  Coincidence kW HVAC  Coincidence HVAC Hours of

ID Facility Type Factor kWh kW Factor Factor Factor Factor Use
74 550483 Healthcare-Clinic 146,367 106% 74% 40.98 78% 114% 47% 100% 3,360
112 CS8294A Parking Garage 99,050 100% 47% 11.44 00%1 100% 94% 100% 8,647
76 528704 School/University 465,058 111% 70% 189.8 42% 127% 34% 100% 2,807
95 CS8404 Office 518 104% 68% 0.21 2% 106% 36% 0%L0 2,362
96 CS8120 Office 2,347 104% 68% 0.78 78% 1059 58% 100% 2,895
97 CS8302 Office 4,180 106% 94% 1.30 95% 1149 85% 100% 3,026
98 S8286A School/University| 53,542 106% 91% 23.33 34% 116% 41% 100% 2,175
99 CS8104 Office 75,642 82% 75% 24.75 82% 1279 71% 20% 3,719
100 S8379A Retail 399,260 108% 54% 67.51 32% 131% 99% 100% 5,487
114 CS8296 Retail 121,601 111% 66% 20.87 91% 127% 94% 100% 5,251
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Table 50: ALD Realization Rates and Primary Reasonfr Discrepancies

Advanced Lighting Design Realization Rates
(©) ) V) (ab)
Annual Annual
kWh kWh On-Peak % Average
Application (Excluding (Including Annual Connected Hours of
KEMA ID ID HVAC) HVAC) kWh kw Use Primary Reasons for Discrepancies

74 550483 100% 106% 83% 100% 99% Positive HVAC-auive effects.
Lower connected wattage installed than proposddhet savings when

112 CS8294A 110% 110% N/A 112% 99% | compared to the same base case of 0.3 watts/sqft.

76 528704 125% 139% 70% 98% 128% Increase in ampeshting hours plus positive HVAC interactiveeets.
Annual Hours of use were approximately 27% lowantproposed.

95 CS8404 74% 7% N/A 100% 73% | HVAC interaction included in analysis.
Annual hours of use were approximately 9% lowentpeposed. HVAC

96 CS8120 90% 94% N/A 100% 90% | interaction included in analysis.
Annual hours of use were approximately 5% lowentheposed. HVAC

97 CS8302 95% 101% N/A 100% 95% | interaction included in analysis.
Annual hours of use were approximately 40% lowantproposed. HVAC

98 S8286A 60% 64% N/A 100% 60% | interaction included in the analysis.
Annual hours of use were approximately 16% highantproposed.

99 CS8104 116% 95% N/A 100% 116% | Electric heat resulted in negative HVAC interaction

Lower total wattage installed than proposed conmbinith higher
100 S8379A 148% 159% N/A 125% 118% | operating hours and HVAC interaction resulted itré@sed savings.

Baseline quantity was approximately 4% higher thaposed. Annual
hours of use were approximtely 35% higher than @sed. HVAC
114 CS8296 152% 169% N/A 113% 135% | interaction was included in the analysis.
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C4 Refrigerated Case LED Lighting
Table 51: Refrigerated Case LED TRM Savings Estimats

Prescriptive Refrigerated LED Tracking
@ (©) ©) (©) ©) ) () (W) (i)

kWh On-Peak Summer kW Summer Winter kW Winter Average
KEMA Application Facility Annual HVAC % Annual Connected Coincidence kW HVAC Coincidence | kW HVAC Hours of
ID ID Type kwWh Factor kwWh Factor Factor Factor Factor Use
77 715718 Retail 9,427 N/A N/A 1.51 N/A N/A N/A N/A 6,249
78 542120 Retail 34,849 N/A N/A 5.91 N/A N/A N/A N/A 5,895
79 698459 Retail 9,240 N/A N/A 1.48 N/A N/A N/A N/A 6,249
80 690533 Retail 47,894 N/A N/A 7.66 N/A N/A N/A N/A 6,249
81 690750 Retail 162,810 N/A N/A 26.05 N/A N/A N/A N/A 6,249
82 690542 Retail 164,949 N/A N/A 26.40 N/A N/A N/A N/A 6,249
83 690544 Retail 118,555 N/A N/A 18.97 N/A N/A N/A N/A 6,249
102 CS8125 Retail 34,125 N/A N/A 5.19 N/A N/A N/A N/A 6,570
103 BS8958 Retail 82,159 N/A N/A 9.38 N/A N/A N/A N/A 8,760
104 BS8959 Retail 72,528 N/A N/A 8.28 N/A N/A N/A N/A 8,760
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Table 52: Refrigerated Case LED Evaluation Estimate

Prescriptive Refrigerated LED Evaluation

[0} (n)

On-
kWh Peak % Summer kW Summer Winter kW Winter kW Average
Application Facility HVAC Annual Connected Coincidence kW HVAC  Coincidence HVAC Hours of
ID Type Factor kwWh Factor Factor Factor Factor Use

77 715718 Retail 13,864 114% 47% 151 100% 105% 100% 105% 8,084
78 542120 Retail 35,091 108% 71% 5.91 100% 111% 100% 111% 5,499
79 698459 Retail 13,250 113% 47% 1.48 93% 102% 100% 105% 7,924
80 690533 Retail 44,686 102% 63% 7.70 98% 105% 97% 104% 5,711
81 690750 Retail 181,894 107% 62% 26.65 100% 106% 100% 106% 6,395
82 690542 Retail 162,779 103% 67% 26.80 100% 106% 100% 106% 5,883
83 690544 Retail 131,867 107% 63% 19.61 98% 106% 100% 106% 6,310
102 CsS8125 Retail 34,186 104% 61% 5.03 99% 104% 98% 103% 6,550
103 BS8958 Retail 56,400 92% 67% 9.38 100% 105% 100% 105% 6,536
104 BS8959 Retail 49,838 92% 68% 8.29 100% 105% 100% 105% 6,529
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Table 53: Refrigerated Case LED Realization Ratesra Primary Reasons for Discrepancies

Prescriptive Refrigerated LED Realization Rates

(®) (W)

Annual kwh Annual kWh
(Excluding (Including Average
KEMA ID Application ID HVAC) HVAC) Connected kW Hours of Use Primary Reasons for Discrepancies

77 715718 129% 147% 100% 129% Increase in annual hours plus HVAC interaction

Annual hours of use approximately 7% lower than proposed.
78 542120 93% 101% 100% 93% HVAC interactive savings included in the evaluation.

79 698459 127% 143% 100% 127% Increase in annual hours plus HVAC interaction

Hours of use less than estimated in the tracking savings plus
80 690533 92% 93% 100% 91% increased refrigeration interactive savings.

A small increase in savings associated with refrigeration savings
as refrigeration interaction was also accounted for in the tracking
81 690750 105% 112% 102% 102% analysis.

Hours of use less than estimated in the tracking savings. Also,
only a small increase in savings associated with refrigeration
savings as refrigeration interaction was also accounted for in the

82 690542 96% 99% 102% 94% tracking analysis.
83 690544 104% 111% 103% 101% Increase in annual hours plus additional refrigeration interaction
102 CS8125 97% 100% 97% 100% Increase in savings due to the addition of refrigeration savings.

Decrease in savings due to lower hours of operation than
103 BS8958 75% 69% 100% 75% tracking estimate.

Decrease in savings due to lower hours of operation than
104 BS8959 75% 69% 100% 75% tracking estimate.
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